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In our first article, Mann traces the history of the 
idea of consumer’s surplus and reviews its use in the 
literature of agricultural economics. Easter and Norton 
illustrate in the second article how the concept has been 
used to appraise the social value from corn and soybean 
research in the land-grant universities. Each of these 
authors applies the concept pretty much the way Dupuit 
and Jenkins intended. 

The third article’s authors take a different tack. They 
use the idea of consumer’s surplus as a gimmick to trick 
a computer into providing the perfectly competitive 
equilibrium solution to a quadratic programming prob- 
lem, an idea suggested to us by Samuelson in 1952. 

Each of these articles is written by persons who be- 
lieve in the usefulness of the idea of consumer’s surplus, 
although Mann’s article points to afew of the weaknesses 
in the concept. Readers may have their own opinions 
as to whether the age of sophisters, economists, and 
calculators, which uses concepts such as consumer’s 
surplus to guide public policy, is to be cheered or 
lamented. 

CLARK EDWARDS 
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TECHNIQUES TO MEASURE SOCIAL BENEFITS AND CGSTS 
IN AGRICULTURE: A SURVEY 


By Jitendar S. Mann 








INTRODUCTION 


I: the last few years, great interest has been shown in 
evaluating the social benefits and costs of various public 
policies and programs. The cost-benefit technique has 
been used extensively in the evaluation of specific proj- 
ects, such as those on river basins. The recent trend has 
been to measure changes in consumer’s and producer’s 


| Abstract: Development is traced of the concepts 

| of consumer's and producer's surplus, and the 

| uses and limitations of these concepts for public 

| policy analysis are examined. The applications 

| to price stabilization and policy programs are 

| surveyed. The use of decision theory as an alterna- 
| tive to measurement of surplus is also examined. 

| Keywords: Consumer’s surplus, producer's surplus, 


| stabilization, policy analysis, decision theory. 


surplus associated with a specific program and to com- 

pare with program costs the benefits thus computed. 

A well-known example is Hayami and Peterson’s study 

of the Statistical Reporting Service’s crop forecasting 

(41).' The technique has been used extensively by Har- 
berger (37, 39), particularly for measuring the effect of 
taxes. 

In this article, I survey techniques used to measure 
social benefits and costs.? I also examine existing con- 
troversies as to the theoretical validity of the techniques. 
A brief history of the concept of surplus appears first, in 
the following section. An earlier survey of consumer’s 
and producer’s surplus is that by Currie (21.) The focus 
of my survey is the use of consumer’s and producer’s 


surplus. The more traditional types of cost-benefit analy- 


sis is treated extensively by Prest and Turvey (77), Kru- 
tilla (57), Lesourne (59), and Mishan (70). 


Italicized numbers in parentheses refer to items in 
References at the end of this article. 
? This survey is by no means exhaustive. The selection 
of studies included in the discussion is influenced by the 
author’s biases. 
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THE CONCEPT OF SURPLUS 


The idea of measuring social benefits was first pro- 
posed by Dupuit (27) in 1844 and developed further by 
Hotelling (48). Without recognizing the theoretical diffi- 
culties in measuring utility, Dupuit (27) distinguished 
between total and marginal utility. An engineer by train- 
ing, he was trying to determine criteria for the social! 
value of collective goods such as roads, canals, and 
bridges. He argued that the value of a social good is 
greater than the price actually paid, that most people 
would be willing to pay more than they actually do. He 
measured the total benefit by the aggregate of maximum 
prices that would be paid for successive units of the 
commodity. The difference between this total benefit 
and the total cost of the product to the consumer he 
called “‘Consumer’s Surplus”. It was measured as the 





Dupuit distinguished between total and marginal 
utility. . .. He argued that the value of a social good 
is greater than the price actually paid, that most 
people would be willing to pay more than they 
actually do. .. . The difference between this total 
benefit and the total cost of the product to the 
consumer he called “Consumer's Surplus.” 





area under the demand curve and above the price line. 
Dupuit considered the effect of an increase in tax on a 
commodity, concluding that the loss of utility associ- 
ated with a heavier tax increases as the square of the 
tax. He recognized that the yield of a tax to Treasury is 
no measure of the loss to society. Dupuit neglected the 
dependence of surplus on the consumption of other 
goods and services, the problem of aggregation, and the 
difficulties of measuring utility. 

Reiterating the ideas of Dupuit, Marshall based his 
concept of consumer’s surplus on the principle of 
diminishing marginal utility of a commodity (63). 
According to him, “the excess of price which he [the 
consumer] would be willing to pay rather than go with- 
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out the thing, over that which he actually does pay, is 
the economic measure of this surplus satisfaction. It may 
be called consumer’s surplus.” This benefit is derived 
from a man’s opportunities, from his environment, or 
“conjuncture.” Marshall developed similar concepts for 
worker’s surplus and saver’s surplus. He recognized that 
the area under the demand curve and above the price 
line provided an unambiguous measure of consumer’s 
surplus only if the marginal utility of money is constant. 
He also noted that the demand curve may be asymptotic 
to the price axis and that the area under the curve is in- 
finite. (See also Samuelson, 80). 

Marshall discussed the effect of tax and subsidy on 
consumer’s surplus. In recognition of the difficulty of 
measuring the area, he limited his applications to changes 
in surplus. Considering separately commodities produced 
under constant, diminishing, and increasing returns, he 
concluded that there is net social loss from subsidy to an 
industry producing under diminishing returns. For an in- 
dustry with increasing returns, the decrease in consumer’s 
surplus from a tax is greater than the revenue to Trea- 
sury. Thus there is a net loss in social welfare from a tax 
on an increasing returns industry. The desirability of 
subsidy to such an industry is based on the observation 
that the industry will otherwise operate at less than the 
optimum output. It will do so because, for decreasing 
cost, the price exceeds the marginal cost. A positive 
measure, such as a subsidy, is needed to push output 
toward the optimum level. Marshall concluded that “if 
therefore a given aggregate taxation was to be levied 
ruthlessly from any class it will cause less loss of con- 
sumers’ surplus if levied on necessaries than if levied on 
comforts.” Ironically, this would imply a tax on an 


industry which produces necessities of life (much of 


agriculture) and subsidization of increasing returns in- 
that produce luxuries.° 

These ideas of Dupuit and Marshall were, as men- 
tioned, developed further by Hotelling (48). He consid- 
ered whether services of a public project (such as a rail- 


dustries 


way) should be sold at a price high enough to cover 
total cost. He considered a set of n commodity demand 
functions, and a set of n marginal cost functions. Defin- 
ing excess demand functions as the difference between 
the demand and cost functions, one measures the total 
net benefit by the line integral of that function. The 
integral is independent of the path of integration if cer- 
tain integrability conditions are met. The same measure 
was established by Hotelling through the use of the ordinal 
indifference curves. He derived a fundamental theorem: 
must pay a certain sum of money in 
action will be greater if the levy 
rectly on him as a fixed amount than 
is made through a system of excise taxes 
can to some extent avoid by rearrang- 


juction and consumption. 


tation of Marshall’s ideas on 


ent interpre 
see Young (105). 


Boulding discussed the elementary concepts of con- 
sumer’s and producer’s surplus using demand-supply 
curves and also indifference curves (12). He pointed out 
the difference in the measures when one drops the 
assumption of constant marginal rate of substitution be- 
tween the commodity and money. Hicks showed what 
happens in this case: ““What ceases to hold is true equiva- 
lence between the consumer’s surplus and triangle 
[under the demand curve] and a correction has to be 
introduced to overcome the discrepancy (44). 

The earlier analyses are based on the condition that 
individual preferences can be added into community 
preferences. This possibility requires the assumption 
that all persons have identical, homothetic preferences, 
and the implication is that the marginal utility of income 
is the same for persons at all income levels. For an ex- 
amination of implications of these assumptions about 
marginal utility, see Samuelson (80.) 

Hicks attempted to reformulate the concept of con- 
sumer’s surplus by using indifference curves to overcome 
the objection to the measurability of utility. (44, 45). 
Measuring income on the Y axis and the commodity on 
the X axis places the consumer with an initial income of 
Yo (and no X) on indifference curve I (fig. 1). At a price 
given by the slope of YoPj, he buys OH and moves to 
indifference curve I. He is willing to pay FR (in money) 
to stay on indifference curve I after the commodity is 
introduced. He has to pay FB for OH of X if the price is 
Pj. The difference, BR, is the consumer’s surplus. This, 
however, does not allow for the variation in marginal 
utility of money. To meet this last criticism, Hicks intro- 
duced the concept of four types of surplus (21, 45): 


® Compensating variation is the amount of compensa- 
tion that will leave the consumer in his initial welfare 
position following a price change, if he is free to buy 
any quantity of the commodity at a new price. It is 
the most that the consumer will pay for the privilege 
of buying at the new price. For a fall in price from 
Py to P 1 in figure 1, the compensating variation is 
YoY}. 
Compensating surplus is the amount of compensaticn 
that will leave the consumer in his initial welfare posi- 
tion following a change in price, if he is constrained 
to buy at the new price the quantity he would have 
bought without compensation. In figure 1, the com- 
pensating surplus equals BC. 
Equivalent variation, Yo Y92 in figure 1, is the amount 
of compensation that will leave the consumer in his 
subsequent welfare position without a change in 
price, if he is free to buy any quantity at the old 
price. It is the most amount of money that the con- 
sumer must be paid so that he is as well off without 
the new price. 
Equivalent surplus is the amount of compensation 
that will leave him in his subsequent welfare position 
without a price change, if he is constrained to buy at 
the old price the quantity he would have bought at 
that price with no compensation. It is AD in figure 1. 





FIGURE 1 
Hick’s Principle of Variation 
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In Earlier Issues 


The problem in regard to sugar in the early years of 
the war was essentially one of shipping; in the later years 
it was one of production. Prices were held at the lowest 
level too long, for the value of the savings to consumers 


t high levels of prosperity was questionable when higher 


prices would have been more encouraging to producers 
than the uncertain and deoayed CCC programs. Great 
increases in production in Cuba returned a substantial 
profit, but the bulk of its crop was sold to us at a rea- 
sonable price. Many of the programs to encourage the 
production of domestic beets were of the category of 
too-little and too-late; domestic beet processors were 
worse off than any other branch in the industry in the 
1943-45 period because of apparent lack of interest in 
their problems at official policy levels. Sugar rationing, 
despite its shortcomings, was the most successful of the 
food-rationing programs and, unlike rationing of other 
foods, was not removed until adequate supplies were 
wailable. Equitable distribution of sugar throughout 
the country was one of the outstanding achievements 
of the OPA~—made possible through the wholehearted 
cooperation of the entire sugar industry which was 
subject to more rigid controls than any other industry. 
‘Review of: Sugar and Its Wartime Controls, 1941-47 
Earl B. Wilson) by Maxwell I. Klayman. AER, Vol. I, 
No. 3, July 1949, p. 103. 





These ideas are generalized to a simultaneous change 
in several prices by the use of Paasche and Laspeyres 
index numbers. When the income effect of a price 
change is zero, the above four measures give identical 
results. Note that the compensating variation for a rise in 
price is equal to the equivalent variation for an equal fall 
in price. Conversely, the compensating variation for a 
fall in price equals the equivalent variation for an equal 
rise in price. 

Dissatisfaction among economists about the useful- 
ness of consumer’s surplus has brought outright condem- 
nation by Samuelson (79) who remarks: ““The subject is 
of historical and doctrinal interest, with a limited amount 
of appeal as a purely mathematical puzzle.”’* Graaff fur- 
ther points out the difficulty of applying the tool of 
consumer’s surplus to finite, indivisible changes, the 
problem of redistribution of gains and losses, and the 
effect of proposed policy changes on prices (33). On the 
other hand, Harberger (40) makes an appeal to accept 
three postulates of applied welfare economics as a part 
of the traditional framework of analysis: 

@ The competitive demand price for a given unit mea- 
sures the value of that unit to the demander; 

@ The competitive supply price for a given unit mea- 
sures the value of that unit to the supplier; 

When evaluating the net benefits or costs of a given 

action, one should normally add the costs and bene- 

fits accruing to each member of the relevant group 
without regard to the individuals to whom they 
accrue, 
However, Harberger also admits (37) that “workers in 
this field must be ready to content themselves with 
results that may be wrong by a factor of 2 or 3 in many 
cases.”’ This is a very important statement which users of 
the analysis should remember. 

Willig derived exact upper and lower limits in approx- 
imating the compensating and equivalent variation with 
consumer’s surplus (102). The limits depend on the con- 
sumer’s base income and income elasticity of demand. 
He shows that, for example, if the consumer’s income 
elasticity of demand is 0.8 and the area under the 
demand curve between the old and new prices is 5 per- 
cent of income, then the compensating variation is with- 
in 2 percent of the surplus measured as area under the 
demand curve. This simply rewords Hotelling’s observa- 
tion that consumer’s surplus “breaks down if the varia- 
tions under consideration are too large a part of the total 
economy of the person.”” However, Willig did not con- 
sider the issue of aggregation from consumer’s surplus 
to social benefit to the society.* 

Mishan has expressed concern about the advisability 


* Note, however, that Samuelson used the concept 
under the name of social payoff in (81) 

‘ His concluding sentence is noteworthy. “‘At the level 
of the individual consumer, cost-benefit welfare analysis 
can be performed rigorously and unapologetically by 
means of consumer’s surplus.” 





of measuring producer’s surpius (69). He considers a 
person maximizing his utility function subject to the 
constraint that the sum of expenditures and earnings is 
zero (66). The person is considered to supply goods 
and services. he points out that here there is no income 
effect, and he uses the term “‘welfare effect.” He sug- 
gests the concept of rent as economic surplus which 
should be measured as a compensating or an equiva- 
lent variation. Economic rent is a money measure of 
welfare change from a movement in factor prices. 

Mishan further points out the importance of distin- 
guishing between shortrun and longrun supply functions 
(69). The area above the supply curve measures produc- 
er’s surplus only for a special type of supply curve; 
namely, one for a period during which output can be in- 
creased by adding to the fixed factor quantities of 
other factors which are imperfect substitutes but 
perfectly elastic in supply. When all the factors are vari- 
able, we cannot derive a producer’s surplus from a sup- 
ply curve. It is not clear whether the producer is an 
entrepreneur or the owner of factors of production. 
Mishan recommends that the ambiguity can be avoided 
by banishing the term “‘producer’s surplus” and concen- 
trating on economic rent as a measure of surplus. The 
issues raised by Mishan are faced by Peterson in his 
study of poultry research (76) and by Ayer and Schuh in 
their study of cotton research in Sao Paulo, Brazil (5). 
After analyzing economic surplus, Ayer and Schuh dis- 
cuss the effect of research expenditures on capital, value 
of land and labor income, 

Winch has shown that consumer’s gain can be esti- 
mated within certain limits allowing for compensation in 
the sense of Hicks (103). The net gain or loss resulting 
from aggregation is a valid measure only if the society is 
indifferent to the redistribution of gains and losses. 

As pointed out by Little (61, chapter 10), consumer's 
surplus is based on partial analysis only. It is assumed 

hat no significant price change occurs elsewhere in the 
economy. This assumption is possible in the longrun 
only by assuming constant costs. Alternatively, the 
product under discussion may be independent of all 
other goods, using only a very small fraction of the avail- 
able resources. Further price must be equal to marginal 
cost—pure competition—everywhere. Little concludes 
that consumer’s surplus is a totally useless theoretical 
toy because it cannot provide a practical, objective cri- 
terion for public policy. 


APPLICATIONS TO PRICE 
STABILIZATION 


There has been a long debate on the effects of price 
instability and the social benefits and costs of stabiliza- 
tion programs. Waugh, assuming a negatively sloped, 
stable demand curve, studied the effect of shifts in sup- 
ply (98). Total consumer’s surplus from a series of varia- 
ble prices will be greater than if the price were stabilized 


118 


at the arithmetic average. He stated a theorem on the 
benefits of price instability: 

Let the price of any commodity or service be Pj 

in one period of time and Pg@ in another equal 

period. If these prices are unequal, every individ- 

ual consumer of the commodity or service will 

enjoy a greater average consumer’s surplus in the 

two periods than if the price were stabilized at 

the arithmetic mean, Py = % (Pj + Pg). 

He compared the constant price Po with the price Pj 
in one period and P9 in the other. When the price is OM, 
the loss in consumer’s surplus (compared with the con- 
stant price OL which is average of OM and OG) is MNJL 
(fig. 2). When the price is OG, the gain in consumers’ 
surplus is LJEG. Evidently, there is a net gain compared 
with behavior in a stable price situation. 

According to Waugh, the net gain in consumer’s sur- 
plus from instability is the areas NQJ and JRE, assuming 
a linear demand curve. Over time, the net gain in con- 
sumers’ surplus is approximately: 


eX dpAr 


where 5» is change in price, Ap the associated change in 
quantity, and F is a time index. The gain in consumer’s 
surplus is approximately proportional to the square of 
the price variation.° A doubling of price variation quad- 
ruples the net gain in consumer’s surplus. 

Commenting on Waugh’s theorem, Howell raised sev- 
eral objections (49). He pointed out that Waugh had not 
shown that the specified price (arithmetic mean) was the 
only one, or the most feasible one, at which prices may 
be stabilized. He demonstrated that “‘if prices were sta- 
bilized at or below the weighted average of Pj and Po, 
every individual consumer of the commodity or service 
would enjoy a larger average consumer’s surplus than if 
the prices were not stabilized at all.”’ In determining the 
feasibility of price stabilization, one should also consider 
the effects on producers’ income and quantities con- 
sumed: 

Price stabilization operations may give results 
varying all the way from increases in average con- 
sumer’s surplus, in gross income to producers, 
and in average quantity demanded to decreases in 
average consumer’s surplus, in gross income to 
producers, and average quantity demanded, in- 
cluding various combinations of those results, 
depending upon the point at which prices are 
stabilized and upon the shape of the demand 
curve. 

Howell also pointed out that, in measuring consum- 
er’s surplus, an assumption of constant marginal utility 
of money had been made. 

Similar objections to Waugh’s analysis were also 
raised by Lovasy (49). She stated that the Waugh 
theorem is correct only if demand is stable and if the 


® This fact has been used by researchers to analyze the 
problem with quadratic programming. 





FIGURE 2 
Schematic Diagram of 
Social Costs and Benefits 
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In Earlier Issues 


Early in that period of industrial growth (1865-1918) 

. (Henry C. Adams) had caught its meaning when he 
asserted that the central problem of economics “‘is prop- 
erly to correlate public and private activity so as to pre- 
serve harmony and proportion between the various parts 
of organic society.” . . . This history causes one to 
ponder the view that the English have held a monopoly 
on the development of economic theory; for men like 
Walker, Adams, Clark, Taussig, Davenport, and Mitchell, 
were exploring the unknown in as profound a sense as 
their British cousins. .. . pure competition theory was 
probably no more applicable to the nineteenth century 
than to the twentieth. . .. The emphasis on marginalism 
and other tools of analysis in the development of theory 
had the immediate effect at least of removing economic 
theory from the arena of economic action. . . . Econo- 
mists cloistered in academies of higher learning were 
refining the theory of pure competition as the operators 
were engaged in organizing and reorganizing business 
firms into monopolistic combinations. 


“Review of: The Economic Mind in American Civiliza- 
tion (Joseph Dorfman) by Willard W. Cochrane. AER, 
Vol. I, No. 3, July 1949, pp. 99-100. 





prices of different goods do not vary in constant ratio to 
one other. 
Waugh replied by rewording his theorem (49): 
Let the price of any commodity or service in n 
equal periods of time be P1, P9,—Pp. Assuming 
that demand is stable and that the demand curve 
slopes downward to the right, stabilization of the 
price at or above the simple arithmetic mean 


1 , 
n (Pi +--+ Pn), would reduce the consumer’s sur- 


plus of each individual consumer, while stabiliza- 
tion of the price at or below the weighted mean, 


P}Qi +--+ PnQn 
Qi+-+Qn 


surplus of each individual consumer. 

Unaware of Waugh’s work, Oi enunciated a similar 
proposition for the producer: “Given a fixed expected 
value of price, P, the greater the variability of price 
about the expected value, the greater will be the ex- 
pected profit” (74). He assumed that firms maximize 
shortrun profits during each period, and that the mar- 
ginal cost curve of each firm is upward sloping through- 
out the relevant range. Given a convex profit function, 
it follows that the average of profits for varying price 
is greater than the profit at average price. Tisdell pointed 
out that the errors of price forecast by producers will 
lead to different results (92). 

Samuelson stated a theorem in terms of the compen- 
sation principle and showed that Waugh’s theorem is a 
special case (82). However, he demonstrated that, “in a 
closed system, when it goes from stable prices to unsta- 
ble prices it must necessarily have those unstable prices 
average out to higher than the stable prices.’ Thus, he 
doubted the feasible application of Waugh’s theorem, 
even as a special case. 

Massell integrated the two approaches and considered 
sources of disturbance both in demand and supply (64). 
He showed the benefits of error elimination to con- 
sumers and producers. He assumed linear demand and 
supply curves and additive stochastic disturbances. 
Massell set up a model including supply and demand 
curves which incorporate continuously distributed ran- 
dom shifts: 





, would increase the consumer’s 


S=ap+x 


D--6p*+) 


where S = quantity supplied, D = quantity demanded, 
p = price, a and @ are constants, and x and y are random 
variables with means Mx and My, variances 0xx and Oyy, 
and covariance equal to zero. The expected value of 
gains from stabilization of price at expected value are: 


(a + 28) Oxy -<Oyy 





E(Gp) = ; 
2(a+)2 





(2a + B) Oyy - BOxx 


2(a+B)2 





E(Ge) = 


where Gp and Gz are given to producers and consumers. 
Total gain is 


. Oyy + Oxx |: + J 
«(G) SS ee ae Opp 
2 (a+) 2 


where Opp is the variance of price. Massell made these 

conclusions: 

@ Producers lose (gain) from price stabilization if the 
price instability is due to random shifts in demand 
(supply). This is Oi’s case which was criticized by 
Tisdell. 

Consumers lose (gain) from stable price if the price 
instability is due to random shifts in supply (demand). 
Where both demand and supply shift randomly, the 
gains to each group are indeterminate and depend 
upon the relative sizes of the variances and upon the 
slopes of the demand and supply curves. 

Provided neither the demand curve nor the supply 
curve is perfectly elastic, the total gains from stabili- 
zation are always positive, with gainers being able in 
principle to compensate the losers. With infinitely 
elastic functions, all gains tend to zero. 

Massell recognized the problem of compensation by the 

gainers to the losers. However, he gave no operational 

plan for redistribution of benefits. Massell assumed that 
the commodity under discussion is a very small part of 
producer sales and consumer purchases so that the change 
in its price leaves the marginal utility of money un- 
changed. Turnovsky generalized the results by consider- 
ing errors following a Markov process (94). He considered 
the case wherein supply decisions are based on price ex- 
pectations of two types—adaptive and rational. Turnov- 
sky’s major conclusions appear below: 

®@ The Oi’s proposition that producers lose from price 
stabilization if price instability is due to demand fluc- 
tuations depends on how the expectations are gener- 
ated and on the moving average properties of the 
error term. 

If the expectations are formed rationally, Oi’s result 
holds, provided the errors in the demand function 
have positive or negative serial correlation. 

If the expectations are formed adaptively, Oi’s prop- 
osition will not hold, unless the error terms in the 
demand function have high positive serial correlation. 
The Waugh proposition for consumers will hold under 
either form of expectation. 

Massell’s result that producers and consumers gain 
from stabilization holds in both cases. 

Massell’s quantitative results remain unchanged under 
rational expectations. Some differences result with 
adaptive expectations. 

Analysis is based on the assumption that total welfare 

can be measured by the sum of producer’s and consum- 


er’s surplus. Subotnik and Houck extended the analysis 
to problems when consumption is stabilized (90). 
Assuming rational expectations, they compared the ben- 
efits from stabilizing prices at their mean to those of 
stabilizing consumption and production at their means. 

Most researchers ignored the so-called “middleman” 
when analyzing the distribution of gains and losses. 
Bieri and Schmitz examined the case in which mono- 
polistic middleman would gain by destabilizing prices 
to producers (9). They considered a case of two time 
periods with demand and supply functions defined for 
each period. They also include a storage cost function 
in their model. Finally, they examined the case of a pure 
middleman who maximizes profit and the case of a pro- 
ducer marketing board which maximizes returns (includ- 
ing producer’s surplus) to producers. 

In another, later article, Massell examined the effects 
of a buffer stock on expected value and variance of pro- 
ducer’s income (65). He considered an agricultural com- 
modity with demand and supply curves: 


D=-fp+y 
S“<x 


where D = demand, S = supply, p = price and y and x are 
random variables. The stabilization program involves a 
transformation of the demand curve. Massell examines 
the effect of stabilization in two stages: (1) eliminating 
the stochastic term in the demand curve and (2) rotating 
the demand curve to increase its slope. He shows that 
stabilization increases expected value and decreases vari- 
ance of producer’s income. Thus he includes producer’s 
risk aversion in his analysis. He analyzes the welfare im- 
plications of stabilization by using indifference curves. 

While Massell’s analysis was limited to a single mar- 
ket, Hueth and Schmitz examined internationally traded 
goods in a two-country, spatial price equilibrium model 
(50). They discussed separately the case of final product 
and an intermediate good which a country imports and 
uses in domestic production of final goods, some of 
which are also imported. An appropriate example is 
wool, which has been examined by Dardis (22) and 
Dardis and Dennison (24). In the Hueth-Schmitz model, 
the source of price instability is shifts in demand and 
supply in the foreign market. The instability is carried 
on to the domestic market which adjusts by movements 
along the demand and supply curves. Hueth and Schmitz 
showed that both producers and consumers prefer price 
instability to price stability. This conclusion depends on 
the fact that price instability is generated by movements 
along the demand and supply schedules. 

The above studies of Waugh-Oi-Massell and their fol- 
lowers assume linear demand and supply curves with 
additive disturbances. Turnovsky developed a general 
model including nonlinear demand and supply functions 
with multiplicative disturbances (95). Theoretical justifi- 





cation for nonlinear functions with multiplicative errors 
is given by deriving a supply curve from a homogeneous 
production function and a demand curve from an 
indirect utility function. An important conclusion is that 
the desirability of price stabilization (increase in social 
welfare) of either producers or consumers does not 
depend on the source of price instability. 

In most studies, the analysts have considered random 
fluctuations in demand and supply and the effect of 
various stabilization programs on equilibrium prices and 
quantities. Anderson and Riley consider welfare implica- 
tions of price uncertainty for a country which specializes 
in production of export goods (3). They show that social 
welfare for such a country is less with fluctuating prices 
compared with fixed prices. 


APPLICATIONS TO POLICY AND 
PROGRAMS’ 


The early attempts at measuring social returns com- 
pared the cost with additional output. Griliches com- 
pared the cost of research on hybrid corn with the value 
of increased production from the adoption of hybrid 
corn seed (34). Evenson tried to assess the benefits from 
research by using expenditures on research and exten- 
sion in an aggregate production function (28). Earlier, 
Waugh had tried to show the effect of market prorates 
on social welfare (97). He was criticized by Stigler for 
being oblivious to the problem of interpersonal compari- 
sons of utility (89). Following Griliches and using eco- 
nomic surplus, Peterson studied the benefits of poultry 
research, and he found that the improved techniques 
resulting from research bring about a shift in the supply 
curve. He developed an approximate method for measur- 
ing the surplus from the shift in supply (76). 

The social costs and benefits of U.S. farm programs 
were measured by Nerlove (73, pp. 222-235) and Wal- 
lace (96). Nerlove used his estimates of supply elastici- 
ties to measure welfare cost of alternative price support 
programs. He considered three types of programs: (1) 
The Government sets a support price above the equi- 
librium price and purchases and destroys all excess crop; 
(2) the support price is set above the equilibrium price; 
farmers are allowed to sell all they produce in the open 
market and the Government pays a per unit subsidy 
equal to the difference between support price and the 
market price; (3) the output is restricted by direct con- 
trols to bring about the desired price. 

Nerlove assumes that the supply curve is the marginal 
social cost of the resources used to produce the com- 
modity and that the demand curve is the marginal value 
of the commodity to the community (fig. 2). He assumes 
that each program aims to attain a price OM. Welfare 


7Not included here are studies of restrictions on 
international trade. These have been summarized in an 
article by Corden (20). 


loss is taken as the difference between Government 
expenditures and the net benefits to consumers and pro- 
ducers. The net losses of the three programs are given by 
the areas ANJPC, JPE, and NJI, respectively. Nerlove 
concludes that programs of types 2 or 3 can never 
involve a social loss of welfare greater than that of 
program 1. He derived formulas for net loss in terms of 
the proportion by which the support price exceeds the 
equilibrium price (x), and the elasticities of demand (7) 
and supply (€). The three formulas are:* 


Lj = x(1 + x) (n + €) - 4x2 (n +) 


Lo = Yex2e(1 +=) 


Lg = 4ex2n(1 + 2) 


Nerlove stated that the relative magnitude of the loss 
of under types 2 and 3 programs will depend on the dif- 
ference between the support price and the equilibrium 
price and upon the elasticities of demand and supply. 
Wallace demonstrated that, for a given support price (96): 


NSL (3) = NSL (2) 


> 
asn >€ 


Wallace also analyzed the effects of output restriction 
through control of input (for example, acreage allot- 
ments). He had two premises: (1) the total area under 
the demand curve to the left of a given quantity repre- 
sents total utility for that quantity and (2) the supply 
curve reflects opportunity costs of variable resources 
used to produce each quantity. The type 3 program is 
called the Cochrane Proposal by Wallace. Wallace’s 
formula in premise 2 (96, p, 582) is identical to Nerlove’s 
formula for L3 except that Nerlove measures the loss as 
percent of the value of the crop. In the type 2 program, 
called the Brannan Plan, Wallace’s formula is Nerlove’s 
formula for L9. 

The same framework of analysis was used by Johnson 
to estimate the net social cost of the tobacco program 
(53). He took into account U.S. monopoly power in the 
world market. Johnson recognizes the problem of the 
second-best solution in estimating the social cost of the 
tobacco program (53). He estimates three types of costs 
for the flue-cured and burley tobacco acreage allotment 
program: 


* The absolute values of elasticities are considered in 
this discussion. 





The social cost is estimated by the “triangle Method:”’ STUDIES USING DECISION THEORY 

SC Dodont2 (1 + a The studies discussed above are based on the classical 

: principles of welfare economics. Another approach is to 

where 7 is the percentage increase in price over the free use statistical decision theory. A survey of decision 
market equilibrium price. theory with applications to agriculture is given in Dillon 
(26). More analysts have used the consumer-producer 
surplus approach than the decision theory method; how- 
ever, the latter is receiving more attention in program 
evaluation. Lave studied the value of better weather in- 
formation to the raisin industry (58). A grower can use 
it in making the following decisions: (1) how high a 
yield to plan, (2) when to pick the grapes, and (3) 
whether to sell for crushing. The first task is to optimize 
the yield decision by under- or fully cropping. Once this 
r = eo (e+1) decision has been made, growers have three actions open: 


The monopoly rent gained from foreigners through 
export demand is estimated as the price increase times 
the quantity exported. 

Efficiency loss in producer surplus due to input (land) 
restriction is estimated as follows: He assumes a Cobb- 


Douglas production function with a supply curve 


Q=AP£, and a demand function Q=BP-". Given price 


nereases equal to 7, the efficiency loss is calculated as: 


(a) pick grapes 21 days before the first expected rainfall, 
(b) sell for crushing at any time, and (c) pick the grapes 
pply controls with marketable quotas. _ when ripe and pay no attention to the weather. A payoff 
certainly into his analysis. Harberger matrix is obtained given the probability of rain during 
he called “the economics of the nth best” any of the six consecutive 10-day periods, the first start- 
neerned with measuring the social cost ing September 1. 
he economy being in any nonoptimal Byerlee and Anderson developed a method for asses- 
d the social cost “deadweight loss.” sing the monetary value of additional information in the 
erson developed an analytical frame- response process (1/7). Three classes of inputs are con- 
ns to Government expenditure on sidered: controlled, uncontrolled and known at the time 
of agricultural commodities (41). of the decision, and uncontrolled and not known at the 
considered: inventory adjustment and time of the decision. They illustrate the analysis by using 
nent. The inventory adjustment model a rainfall predictor in determining optimal application of 
erein production cannot be changed in nitrogen to wheat. The response function includes 
forecasts and reactions to forecasts several factors: applied nitrogen, growing season rainfall, 
tments. Assuming linear demand, the __ soil moisture, total soil nitrogen, and initial soil nitrate. 
to symmetric errors in forecasts is The function includes interaction between nitrogen and 
rainfall: interaction is a necessary condition for addi- 
tional information on rainfall to have significant eco- 
nomic value. A prior distribution for growing season 
rainfall is developed from historic data. A matrix of 
conditional probabilities of growing season rainfall, 
given the annual rainfall, was developed from this 
matrix and the posterior probabilities of growing season 
rainfall calculated. The expected profit is calculated 
from the posterior distribution. The rainfall predictions 
for six different intervals are used to decide the opti- 
mum level of nitrogen. The difference between expected 
profits with and without rainfall predictions is the value 
of the information. 

Baquet, Halter, and Conklin measured the economic 
value of frost forecasts to pear orchardists in Jackson 
County, Oregon, using a Bayesian decisionmaking tech- 

ity of supply and other symbols are nique (7). The decision is whether to turn on the heaters 
to protect the pear orchards against frost. The tempera- 
oped a model including a cost of ture forecast during the frost season is provided by the 
along with the demand for storage U.S. Weather Service. The conditional probabilities of 
According to Bullock, sheer magnitude of forecast temperatures and recorded temperatures are 
orecast error need not be of concern—reducing the developed from historic data. Using historic prior prob- 
forecast error will not generate social benefits abilities of nighttime low temperature readings, the 
the Hayami-Peterson assumption). The key posterior probabilities are developed. A utility function 

i v the frequency of forecasts has changed is estimated for each of the eight orchardists studied. 

process The utility payoff matrix is multiplied by the posterior 


quantity of production, p is the 
is the error in quantity of products 
true production, and a the price 


idjustment models the producers 
ponse to changes in price expecta- 
cost of error in production report- 





probabilities to obtain the optimal action for each fore- 
cast. The value of forecasts is the difference between the 
monetary outcome of Bayes action and the monetary 
outcome of the optimal prior actions. 

These studies using decision theory approach are 
microanalyses of a few producers. Generalization of the 
technique to aggregate studies provides a challenge for 
further work. 


A CRITIQUE 
AND CONCLUSIONS 


Most studies of measurement of social costs and bene- 

assume a perfectly competitive system with perfect 
knowledge and perfect mobility. It is well known that a 
perfectly competitive system leads to Pareto optimal 
social welfare. However, in practice there is no such 
thing as perfect competition. Once additional restric- 
tions—lack of perfect knowledge—are allowed for, Pareto 
optimum is not attainable or desirable (Lipsey and Lan- 
caster, 60). As a matter of fact, if the system were per- 
fectly competitive, we would not need some programs, 
such as crop forecasting. Once imperfections are admit- 
ted, it follows that the removal of any one constraint 
may affect welfare either by raising, lowering, or leaving 


it unchanged (Lipsey and Lancaster, p. 12). Commenting 
on the Oi’s finding that “price instability is a virtue and 
not a vice,”’ Tisdell showed the importance of the two 
assumptions of perfect mobility and perfect knowledge 
(92). Perfect mobility implies that producers can readily 
adjust output to changed price. Perfect knowledge im- 
plies that they can accurately forecast the price. In the 
absence of perfect forecasts and perfect adjustment, 
Tisdell derived the opposite of Oi’s results. The exten- 
sion of the analysis to a noncompetitive economy will 
be a useful topic for research. 

So long as one’s analysis is partial equilibrium, it is 
of limited validity. The study of one particular program 
or commodity does not concern itself with global wel- 
fare and, according to Lipsey and Lancaster, “piecemeal 
welfare economics” is futile (p. 17). Hushak, who recog- 
nized the interaction between one crop and others took 
a step in the right direction (51). Most analysts studying 
social benefits and costs have used the classical welfare 
economic tools of consumer’s and producer’s surplus 
without worrying about their theoretical validity. These 
researchers only point out the high social benefit-cost 
ratio of particular proposals. The general problem of 
ranking all the programs under consideration in a general 
equilibrium system has not been successfully attempted. 


(1) 


Akino, Masakatsu and Yujiro 
Hayami. “Efficiency and Equi- 
ty in Public Research: Rice 
Breeding in Japan’s Economic 
Development.” Am. J. Agr. 
Econ. Vol. 57, No. 1, Feb. 
1975, pp. 1-10. 

Anderson, J. E. “A Note on 
Welfare Surplus and Gains 
From Trade in General Equi- 
librium.”’ Am. Econ. Rev. Vol. 
64, Sept. 1974, pp. 758-762. 
Anderson, James E., and John 
G. Riley. “International Trade 
with Fluctuating Prices.” Jn- 
ternational Econ. Rev. Vol. 15, 
No. 1, Feb. 1976, pp. 76-97. 
Arrow, Kenneth J., and Tibor 
Scitovsky (eds.). Readings in 
Welfare Economics. Richard D. 
Irwin, Inc., 1969. 

Ayer, Harry W., and G. Edward 
Schuh. “Social Rates of Return 
and Other Aspects of Agricul- 
tural Research: The Case of 
Cotton Research in Sao Paulo, 
Brazil.” Am. J. Agr. Econ. Vol. 


(10) 


REFERENCES 


54, No. 4, Nov. 1972, pp. 557- 
569. 

Bailey, Martin J. “Analytic 
Framework for Measuring So- 
cial Costs,” J. Farm Econ. Vol. 
44, No. 5, 1962, pp. 564-575. 
Baquet, A. E., A. N. Halter, 
and Frank C. Conklin. “The 
Value of Frost Forecasting: A 
Bayesian Appraisal.”” Am. J. 
Agr. Econ. Vol. 58, No. 3, 
Aug. 1976, pp. 511-520. 
Bergson, Abram. “A Note on 
Consumer’s Surplus.” J. Econ. 
Lit. Vol. 13, No. 1, Mar. 1975, 
pp. 38-44. 

Bieri, Jurg and Andrew 
Schmitz. ““Market Intermedia- 
ries and Price Instability: Some 
Welfare Implications.”” Am. J. 
Agr. Econ. Vol. 56, No. 2, May 
1974, pp. 280-285. 

Biondillo, A. Social Cost of 


Production Instability in Grape- 


Wine Industry: Argentina. 


Ph.D. thesis, Univ. Minn. 1972. 


Boadway, Robin W. “The Wel- 


123 


fare foundations of Cost-Bene- 
fit Analysis.”’ Econ. J. Vol. 84, 
No. 336, Dec. 1974, pp. 926- 
939. 

Boulding, Kenneth E. “The 
Concept of Economic Surplus.” 
Am. Econ. Rev. Dec. 1945, pp. 
851-869. 

Bullock, J. Bruce. “Social 
Costs Caused by Errors in Agri- 
cultural Production Forecasts.” 
Am. J. Agr. Econ. Vol. 58, No. 
1, Feb. 1976, pp. 76-80. 
Burns, Michael E. “A Note on 
the Concept and Measure of 
Consumer’s Surplus.” Am. 
Econ. Rev. Vol. 63, No. 3, June 
1973, pp. 335-344. 

Burt, Oscar R., and Durnard 
Brewer. “Estimation of Net 
Social Benefits from Outdoor 
Recreation.”” Econometrica, 
Vol. 39, No. 5, Sept. 1971, 
pp. 813-827. 

Buxton, Boyd M., and Jerome 
W. Hammond. “Social Cost of 
Alternative Dairy Price Sup- 





port Levels.” Am. J. Agr. Econ. 


Vol. 56, No. 2, May 1974, pp. 
286-291. 


Byerlee, D. R., and J. R. Ander- 


son, “Value of Predictors of 
Uncontrolled Factors in Re- 
sponse Functions.” Australian 
J, Agr. Econ., Vol. 13, No. 2, 
Dec. 1969, pp. 118-127. 
Cicchetti, Charles J., Anthony 
C. Fisher, and V. Kerry Smith. 
“An Econometric Evaluation 
of a Generalized Consumer 
Surplus Measure: The Mineral 
King Controversy.” Econo- 
metrica, Vol. 44, No. 6, Nov. 
1976, pp. 1259-1276. 

M. “The Calcula- 
tion of the Cost of Protection.” 
E 1, Vol. 33, Apr. 

29-51. 
M., “The Costs and 
es of Protection: A 
f Empirical Work.” 
nen, ed., Jnterna- 


Corden. W 


and Finance 
Rese arch, Cam- 


Press, 1975, pp. 


Martin, John A. 


Andrew Schmitz. 


»f Economic Sur- 


se in Economic 


J. Vol. 81, No. 


1971, pp. 741-799. 
“Intermediate 
Gain from 
1d Slatis 
2-509 


Welfare 


} 


1969, pp. 


1 Elmer W. 
he Degree 
nic Protec 
Ni j f¢ 


( 


U.S. Dept. Agr 


Serv. Tech. Bull. 


1967 


Dillon, John L., “An Exposi- 
tory Review of Bernoullian De- 
cision Theory in Agriculture: Is 
Utility Futility?” Rev. Market- 
ing and Agr. Econ. Vol. 39, 
No. 1, Mar. 1971, pp. 3-80. 
Dupuit, Jules. “On the Mea- 
surement of the Utility of Pub- 
lic Works.” International Econ. 
Papers, Vol. 2, 1952, pp. 83- 
110 (reprinted in 4). 

Evenson, Robert. ““The Contri- 
bution of Agricultural Re- 
search to Production.” J. 
Farm. Econ. Vol. 49, No. 5, 
Dec. 1967, pp. 1415-1425. 
Foster, E., and Hugo Sonnen- 
schein. “‘Price Distortion and 
Welfare Economics.” Econo- 
metrica, Vol. 38, No. 2, Mar. 
1970, pp. 281-297. 

Foster, C. D., and H. L. I. New- 
berger. ““The Ambiguity of the 
Consumer’s Surplus Measure of 
Welfare Change.” Oxford Econ. 
Papers, Vol. 26, 1974, pp. 66- 


e¢€. 

Freebairn, J. W. “The Value 
and Distribution of the Bene- 
fits of Commodity Price Out- 
look Information.” Econ. 
Record, Vol. 52, 1976, pp. 
199-212. 

Glaister, Stephen. “General- 
ized Consumer Surplus and 
Public Transport Pricing.” 
Econ. J. Vol. 84, No. 336, 
1974, pp. 849-867. 

Graaf, J. deV. Theoretical Wel- 
fare Economics. Cambridge 
Univ. Press, 1967. 

Griliches, Zvi. ““Research Costs 
and Social Returns: Hybrid 
Corn and Related Inno- 
vations.”’ J. of Polit. Econ., 
Vol. 66, No. 5, Oct. 1958, pp. 
419-431. 

Gustafson, Robert L. Carry- 
over Levels for Grain. U.S. 
Dept. Agr., Tech. Bul. 1178, 
October 1958. 

Haessel, Walter, and Edward 
Vichery. “The Social Profita- 
bility of Subsidies for Agricul- 
tural Exports: The Case of 
Ghana, ” Am. J. Agr. Econ., 
Vol. 57, No. 1, Feb. 1975, pp. 


(47) 


Harberger, Arnold C. “Using 
the Resources at Hand More 
Effectively.” Am. Econ. Rev., 
Papers and Proceedings, Vol. 
49, No. 2, May 1959, pp. 134- 
146. 

. “The Measure- 
ment of Waste.” Am. Econ. 
Rev., Papers and Proceedings, 
Vol. LIV, No. 3, May 1964, 
pp. 58-76. 

. “Taxation, Re- 
source Allocation, and Wel- 
fare.”’ NBER, The Role of Di- 
rect and Indirect Taxes in the 
Federal Revenue System, 
Princeton Univ. Press, 1964, 
pp. 25-70. 

__ . “Three Basic 
Postulates for Applied Welfare 
Economics: An Interpretive Es- 
say.” J. Econ. Lit. Vol. 9, No. 3, 
Sept. 1971, pp. 785-797. 
Hayami, Yujiro, and Willis 
Peterson. “Social Returns to 
Public Information Services: 
Statistical Reporting of U.S. 
Farm Commodities.” Am. 
Econ. Rev. Vol. 62, No. 1, 
Mar. 1972, pp. 119-130. 

. “Social Return 
to Public Information Services: 
Statistical Reporting of U.S. 
Farm Commodities: Reply.” 
Am. Econ. Rev. Vol. 63, No. 
5, Dec. 1973, pp. 1020-1021. 
Hause, John C. “The Welfare 
Costs of Disequilibrium Ex- 
change Rates.” J. Polit. Econ. 
Vol. 64, No. 4, Aug. 1966, 
pp. 333-352. 

Hicks, John R. “The Rehabili- 
tation of Consumer’s Surplus.” 
Rev. Econ. Studies, Vol. 9, 
1941, pp. 108-16 (reprinted in 
4). 

Hicks, John R. A Revision of 
Demand Theory. Oxford, Clar- 
endon Press, London, 1959. 
Hirshleifer, Jack. “The Private 
and Social Value of Informa- 
tion and Reward to Inventive 
Activity.” Am. Econ. Rev. Vol. 
61, No. 4, Sept. 1971, pp. 561- 
574 
Hotelling, Harold. “‘Edgeworth’s 
Taxation Paradox and the Na- 
ture of Demand and Supply 





Functions.” J. Polit. Econ. 
Vol. 40, No. 5, Oct. 1932, pp. 
577-616. 

. “The General 
Welfare in Relation to Prob- 
lems of Taxation and of Rail- 
way and Utility Rates.”’ Econo- 
metrica, Vol. 6, No. 3, July 
1938, pp. 242-269. 
Howell, L. D. “‘Does the Con- 
sumer Benefit from Price Insta- 
bility,’ Gertrud Lovasy, “Fur- 
“Further Comment,” Fred- 
erick V. Waugh, “Reply,” Quar. 
J. Econ. Vol. 59, No. 2, Feb. 
1945, pp. 287-303. 
Hueth, Darrell, and Andrew 
Schmitz. “International Trade 
in Intermediate and Final 
Goods: Some Welfare Implica- 
tions of Destabilized Prices.” 
Quar. J. Econ. Vol. 86, No. 3, 
Aug. 1972, pp. 351-356. 
Hushak, Leroy J. “A Welfare 
Analysis of the Voluntary Corn 
Diversion Program, 1961 to 
1966.” Am. J. Agr. Econ. Vol. 
53, No. 2, May 1971, pp. 173- 
181. 
Johnson, Harry G. “The Cost 
of Protection and the Scientific 
Tariff.” J. Polit. Econ. Vol. 68, 
No. 4, Aug. 1960, pp. 327-345. 
Johnson, Paul R. “The Social 
Cost of the Tobacco Program.” 
J. Farm Econ. Vol. 47, No. 2, 
May 1965, pp. 242-255. 
Josling, T. “A Formal Ap- 
proach to Agricultural Policy.” 
J. Agr. Econ. Vol. 20, 1969, 
pp. 175-195. 
Just, Richard E. A Generaliza- 
tion of Some Issues in Stochas- 
tic Welfare Economics. Agr. 
Expt. St., Okla. State Univ. 
Res. Rpt. P-712, Apr. 1975. 
Kawamata, Kunio. ‘Price Dis- 
tortion and Potential Welfare.” 
Econometrica, Vol. 42, No. 3, 
May 1974, pp. 435-460. 
Krutilla, John V. “‘Welfare As- 
pects of Benefit-Cost Analysis.” 
J. Polit. Econ. Vol. 69, 1961, 
pp. 226-235 
Lave, Lester B. “The Value of 
Better Weather Information to 
the Raisin Industry.” Econo- 
metrica, Vol. 31, No. 1-2, Jan.- 


Apr. 1963, pp. 151-164. 
Lesourne, Jacques. Cost-bene- 
fit Analysis and Economic 
Theory, North-Holland Publ. 
Co., 1975. 

Lipsey, R. G., and Kelvin Lan- 
caster. ““The General Theory of 
Second Best.” Rev. Econ. 
Studies, Vol. 24, No. 63, Dec. 
1955, pp. 11-32. 

Little, I. M. D. A Critique of 
Welfare Economics. Oxford 
Univ. Press, 1957 

Magee, Stephen P. “The Wel- 
fare Effects of Restrictions on 
U.S. Trade.’ Brooking Papers 
on Econ. Activity, No. 8, 1972, 
pp. 645-707. 

Marshall, Alfred. Principles of 
Economics. Macmillan & Co., 
London, 1966. 

Massell, Benton F. “Price Sta- 
bilization and Welfare.”’ Quar. 
J. Econ. May 1969, pp. 284- 
298. 

Massell, Benton F. “Some Wel- 
fare Implications of Interna- 
tional Price Stabilization.” J. 
Polit. Econ. 1970, pp. 404-417. 
Mishan, E. J. ““Rent as a Mea- 
sure of Welfare Change.” Am. 


Econ. Rev. Vol. 49, June 1959, 


pp. 386-95 (reprinted in 68). 
as . “A Survey of 
Welfare Economics, 1939- 
1959.” Econ. J. Vol. 70, No. 
278, 1960, pp. 197-256, (re- 
printed in 68). 

. Welfare Eco- 
nomics: Five Introductory 
Essays. Random House, 1964. 
ee 
ducer’s Surplus?” Am. Eco. 
Rev. Vol. 58, No. 5, Part I, 
Dec. 1968, pp. 1269-1282. 

— . Cost-Benefit 
Analysis. Praeger, 1976. 
Mohring, Herbert. “Alterna- 
tive Welfare Gain and Loss 
Measures.” West. Econ. J. 
Vol. 9, Dec. 1971, pp. 349- 
368. 

Musgrave, Richard A. “Cost- 
Benefit Analysis and the The- 
ory of Public Finance.” J. 
Econ. Lit. Vol. 7, No. 3, Sept. 
1969, pp. 797-806. 

Nerlove, Mare. The Dynamics 


of Supply. Johns Hopkins 
Press, 1958. 

Oi, Walter Y. “The Desirability 
of Price Instability Under Per- 
fect Competition.” Econo- 
metrica, Vol. 29, No. 1, Jan. 
1961, pp. 58-64. 

Oi, Walter Y. “The Consumer 
Does Benefit from Feasible 
Price Stability: A Comment.” 
Frederick V. Waugh, “A Com- 
ment,” Paul A. Samuelson, 
“Rejoinder.” Quar. J. Econ. 
Vol. 86, No. 3, Aug. 1972, pp. 
494-503. 

Peterson, Willis. ““Return to 
Poultry Research in the United 
States.” J. Farm Econ. Vol. 49, 
No. 3, Aug. 1967, pp. 656-659. 
Prest, A. R., and R. Turvey. 
“Cost-Benefit Analysis: A Sur- 
vey.”’ Econ. J., 1965. 
Reutlinger, Shlomo. “A Simu- 
lation Model for Evaluating 
Worldwide Buffer Stocks of 
Wheat.” Am. J. Agr. Econ. Vol. 
58, No. 1, Feb. 1976, pp. 1-12. 
Samuelson, Paul A. Founda- 
tions of Economic Analysis. 
Harvard Univ. Press, 1947. 

. “Constancy of 
the Marginal Utility of In- 
come.” Oscar Large, ed., Stud- 
ies in Mathematical Economics 
and Econometrics , Univ. Chica- 
go Press, 1947. 

. “Spatial Equi- 
librium and Linear Program- 
ming.”’ Am. Econ. Rev. Vol. 
42. No. 3, June 1952, pp. 283- 
303. 
ee « ee CONSUM- 
er Does Benefit from Feasible 
Price Stability,” Quar. J. Econ. 
August 1972, pp. 476-493. 
Schmalensee, Richard. “Con- 
sumer’s Surplus and Producer’s 
Goods.” Am. Econ. Rev. Vol. 
61, No. 4, Sept. 1971, pp. 682- 
687. 

Schmitz, Andrew and David 
Seckler. ““Mechanized Agricul- 
ture and Social Welfare: The 
Case of the Tomato Harvester.” 
Am. J. Agr. Econ. Vol. 52, No. 
4, Nov. 1970, pp. 569-577. 
Sillerberg, Eugene. “Duality 
and the Many Consumer’s Sur- 





pluses.”” Am. Econ. Rev. Vol. 
62, No. 5, Dec. 1975, pp. 942- 
952. 

Smith, Lawrence N., and Bruce 
A. Scherr. “Social Return to 
Public Information Services: 
Statistical Reporting of U.S. 
Farm Commodities: Com- 
ment.” Am. Econ. Rev. Vol. 
63, No. 5, Dec. 1973, pp. 
1017-1019. 

David J. “Effect of 
Public Price Forecast on Mar- 
ket Price Variation: A Stochas- 
tic Cobweb Example.” Am. J. 
Agr. Econ. Vol. 55, No. 1, Feb. 


1973, pp. 83-88. 


Smyth, 


Snape, R. H. “Sugar: Costs of 
Protection and Taxation.” 
Economica, Vol. 36, 1969, 
pp. 29-41. 

Stigler, George J. “Social Wel- 
fare and Differential Prices,” 
Frederick V. Waugh, “Re- 
joinder.” J. Farm Econ. Vol. 
20, No. 3, Aug. 1938, pp. 573- 
589. 
Subotnik, Abraham and James 
P. Houck. “‘Welfare Implica- 
tions of Stabilizing Consump- 
tion and Production.” Am. J. 
Agr. Ex Vol. 58, No. 1, 
Feb. 1976, pp. 13-20. 

Tintner, G., and M. Patel. 
“Evaluation of Indian Fertilizer 
Projects—An Application of 
Consumer’s and Producer’s 


Surplus.” J. Farm Econ. Vol. 
48, Aug. 1966, pp. 704-10. 
Tisdell, Clem, “Uncertainty, 
Instability, Expected Profit,” 
Walter Y. Oi, “‘Rejoinder,” 
Econometrica. Vol. 31, No. 1-2, 
Jan.-Apr. 1963, pp. 243-248. 
Trout, Rader. “The Welfare 
Loss from Price Distortions.” 
Econometrica,, Vol. 44, No. 6, 
Nov. 1976, pp. 1253-1257. 
Turnovsky, Stephen J. “Price 
Expectations and the Welfare 
Gains from Price Stabiliza- 
tion.” Am. J. Agr. Econ. Vol. 
56, No. 4, Nov. 1974, pp. 
706-716. 

Turnovsky, Stephen J. “The 
Distribution of Welfare Gains 
from Price Stabilization: The 
Case of Multiplicative Disturb- 
ances.”’ International Econ. 
Rev. Vol. 17, No. 1, Feb. 1976, 
pp. 133-148. 

Wallace, T. D. “Measures of 
Social Costs of Agricultural 
Program.” J. Farm Econ. Vol. 
14, No. 2, May 1962, pp. 580- 
594. 

Waugh, Frederick V. “Market 
Prorates and Social Welfare.” 
J. Farm Econ. Vol. 20, No. 2, 
May 1938, pp. 403-416. 

. Does the Con- 
sumer Benefit from Price In- 
stability?” Quar. J. Econ. Vol. 
59, Aug. 1944, pp. 602-614. 


(101) 


(103) 


“Consumer 
Aspects of Price Instability.” 
Econometrica., Vol. 34, No. 
2, Apr. 1966, pp. 504-509. 
Wegge, L. L., S. H. Sosnik, 
and P. S. George. “The Effect 
of Price Stabilization on Con- 
sumer Welfare.”” West. Econ. J. 
Vol. 9, Sept. 1971, pp. 289-298. 
Welch, Finis. “Supply Control 
with Marketable Quotas: The 
Cost of Uncertainty.” J. Farm 
Econ. Vol. 49, No. 3, Aug. 
1967, pp. 592-595. 
Willig, Robert D. ““Consumer’s 
Surplus Without Apology.” 
Am. Econ. Rev. Vol. 66, No. 4, 
Sept. 1976, pp. 589-597. 
Winch, David M. ‘‘Consumers’ 
Surplus and the Compensation 
Principle.”” Am. Econ. Rev. 
Vol. 55, No. 3, June 1965, pp. 
395-423. 
Wisecarver, Daniel. ‘““The Social 
Costs of Input-Market Distor- 
tions.”” Am. Econ. Rev. Vol. 
64, No. 3, June 1974, pp. 359- 
372. 
Young, Allyn A. “Increasing 
Returns and Economic Prog- 
ress.” Econ. J. Vol. 38, 1928, 
pp. 527-542, (reprinted in 4). 
Zucker, Albert. “On the De- 
sirability of Price Instability: 
An Extension of the Discus- 
sion.”” Econometrica, Vol. 33, 
No. 2, Apr. 1965, pp. 437-441. 





In Earlier Issues 


As the years roll by we are able to reflect on the influences in the world of agricultural 
economics that grew out of Professor [Benjamin Horace] Hibbard’s teaching at the 
University of Wisconsin. He was not the kind of professor who taught a doctrine and 
expected the students to remember everything that was in his lectures or the textbook. 
Rather, he was a leader in thought who developed a philosophic understanding of the 
economic phenomena in agriculture. He was a humanist in the sense that human welfare 

1d human behavior were always of foremost interest to him. 

Professor Hibbard .. . has kept out [of his book] quantitative data and . . . theoretical 
points which would have greatly expanded the scope of the book, thereby limiting the 


readership and wide use which it deserves .. . 


M. L. Wilson 
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POTENTIAL RETURNS FROM INCREASED RESEARCH BUDGET 
FOR THE LAND GRANT UNIVERSITIES 


By K. William Easter and George W. Norton* 








| nvestment in U.S. agricultural research is substantial 
and it continues to expand. Numerous studies have 
shown that past agricultural research expenditures have 
high rates of return. However, private investment in agri- 
cultural research is restricted since many of the research 
benefits cannot be captured by a private firm.’ Thus, 
the public sector must do much of the basic agricultural 
research. Among the key institutions in this public re- 
search capacity, including dissemination of the results, 
are the agricultural experiment stations and the exten- 
sion services in the land grant universities. 


| Abstract: With the growing competition for Fed- 
| eral dollars, the land grant universities were asked 
| to justify their budget to the Congress and the 
Office of Management and Budget using benefit- 
cost analysis. The authors review previous studies 
of returns to agricultural research and present an 
analysis of corn and soybean research that formed 
part of these universities’ 1978 budget request for 
Federal monies. New research to increase corn 
and soybean production would bring very high 
returns, and consumers would be the primary 
beneficiaries. The large acreage affected ty the 
research was an important reason for these high 
returns. Consumers would benefit from lower 
prices and the resulting increase in consumer sur- 
plus. Keywords: Benefit-cost, consumer surplus, 
agricultural research, corn, soybeans. 





As competition grows for both Federal and State 
budget funds, the land grant universities have been asked 
to provide projected rates of return or benefit-cost analy- 
ses of their research and extension budget requests. To 
help respond to such requests from the Office of Manage- 
ment and Budget (OMB) and the Congress, a Committee 
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USDA Budget. 

' However, for agricultural research such as seed and 
pesticide development, private firms can capture enough 
benefits and they contribute substantially to such 
research. 


AGRICULTURAL ECONOMICS RESEARCH 


on Program Analysis for the USDA Budget was estab- 
lished in 1976 to begin to apply such analysis to budget 
requests from the agricultural experiment stations and 
the extension services. The analysis we present formed 
part of this committee’s work and it was used to help 
justify these universities’ 1978 USDA budget request to 
OMB. 

We briefly review approaches used to assess returns 
to U.S. agricultural research and explain the usefulness 
of benefit-cost analysis in such evaluations. We then 
apply such analysis to the land grant universities federal 
budget requests for additional funds for corn and soy- 
bean research in the North-Central region. 


REVIEW 


The first major attempt at quantitative evaluation of 
agricultural research investments was conducted by 
T. W. Schultz (16 ).? He calculated the value of inputs 
saved in agriculture because of improved production 
techniques and compared this with the costs of research 
and development. His effort was followed by that of 
Griliches (5) who calculated the loss in consumer sur- 
plus that would occur if hybrid corn were to disappear. 
His analysis assumed that the adoption of hybrid corn 
shifted the supply curve of the product downward to the 
right. He estimated the returns in the two polar cases of 
perfectly elastic and perfectly inelastic supply elasticities. 
In each case, the area below the demand curve and be- 
tween the original and the shifted supply curves consti- 
tutes the estimated amount of the returns. 

Peterson (15) generalized Griliches’ formula for 
estimating consumer surplus and applied it to poultry 
research. He calculated the case wherein supply is neith- 
er perfectly elastic nor perfectly inelastic and did not 
require a demand elasticity of one as Griliches’ formulas 
did, Peterson says that the biggest problem with his and 
Griliches’ method (which he refers to as the index num- 
ber approach) is that of obtaining a measure of produc- 
tivity gain that reflects only the output of research (14). 

In another study (6) Griliches was perhaps the first to 
use an aggregate production function approach to esti- 
mate a marginal product of research. A marginal return 
is more useful than an average return to decisionmakers 


? Italicized numbers in parentheses refer to items in 
References at the end of this article. 
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studying the merits of new research projects. Evenson 
(2) also calculated a marginal product of aggregate agri- 
cultural research expenditures. In addition, he estimated 
that the returns over time first increased and then de- 
creased and that the high point occurred after about 6 
years. 

Tweeten and Hines (20) employ a different approach 
in their study of the returns to aggregate agricultural 
research. They calculate how much lower the national 
income would be if the percentage of people on the farm 
remained the same as in 1910 and if the resulting addi- 
tional farmers had the income of today’s farmers instead 
of today’s nonfarmers. They estimate the costs of public 
and private research, education, and Federal programs 
and calculate a benefit-cost ratio. 

Fishel (4) describes a computerized model for collect- 
ing and processing information needed to evaluate 
research activities and to select an efficient allocation of 
resources. He stresses the importance of recognizing that 
there is a probability distribution around likely benefits 
from research. To obtain the information needed to 
arrive at a subjective probability distribution, scientists 
were asked to predict (1) the most likely outcome as 
well as high and low outcomes that would be exceeded 
only one-third of the time and (2) high and low out- 
comes that would be exceeded only in very exceptional 
Application of the model required a 
fairly extensive set of surveys. 

Bredahl and Peterson (1) look at the differences in 
rates of return to various kinds of agricultural research 
(cash crops, dairy, poultry, livestock) to determine if 
the overall rate of return could be increased by reallocat- 
ing some research resources from the low to the rela- 
tively high return activities. They utilize aggregate agri- 
cultural production functions in which research is a 
separate independent variable to estimate the marginal 
products of research. 

Another research evaluation procedure has been used 
involving various types of scoring models. These models 
do not provide quantitative estimates of benefits and 
costs but rank the research alternatives. The National 
Association of State Universities and Land Grant Col- 
leges and USDA published in 1966 the results of a 
study of agricultural and forestry research programs in 
the United States (22). The study evaluated the strengths 
and weaknesses in the research program, identified 
future research problems, and recommended a level of 
public support for agricultural research for a 10-year 
period. A major result was the systematic classification 
of research areas. (A subsequent publication, (23), lays 
out the classification system in detail.) A simple scoring 
model was used to determine the extent to which each 
research priority area met certain criteria. Each specified 
criterion was weighted in terms of importance. This 
system was used to bring out facets of a problem that 
otherwise might have been overlooked, but it was not 
employed as a mathematical basis for allocating 
resources. 


circumstances. 


Another study which used a simple scoring scheme to 
rank research problem areas was done in Iowa to aid in 
the allocation of resources at the Iowa Experiment Sta- 
tion (9, 11). This study was one of the first, along with 
the Fishel study cited above, to give explicit consideration 
to the importance of the probabilities of success of a 
research project. 

Shumway and McCracken (19) also focused on a set 
of numerical models for ranking recommended resource 
reallocations at the North Carolina Agricultural Experi- 
ment Station. The goal was to determine which research 
problem areas should be emphasized over the next 5 
years. Various people scored the research program areas 
(RPA’s) which were then ranked. 

The majority of agricultural research evaluation stud- 
ies have fallen, therefore, into three basic classes: (1) the 
study of returns to aggregate agricultural research; (2) 
the study of returns to research on individual commodi- 
ties; and (3) the use of models which are designed to 
rank alternative research projects or problem areas with- 
in an individual agricultural experiment station or 
nationally. Most studies in the first two categories are 
oriented toward the past while those in the third are 
oriented toward evaluating research for the present or 
future. 

As a practical matter, the Federal Government must 
evaluate experiment station requests for additional fund- 
ing annually, and this evaluation must be completed in a 
short period of time. The classification scheme devel- 
oped in the USDA-SAES study aids in delineating where 
funds might be used. Studies which have evaluated 
returns to past research do provide many valuable in- 
sights into the value of future research. However, there 
has been little quantitative ex ante estimation of returns 
to research. 

Some have suggested that benefit-cost analysis can be 
used to provide this ex ante evaluation. Fedkiw and 
Hjort (3) believe that benefit-cost analysis can be a use- 
ful tool if sensitivity analysis is used and scientists are 
asked to provide an opinion on the probability of suc- 
cess of each project. The determination of a benefit-cost 
ratio can be made relatively quickly even without a 
computer. More skeptical about the adequacy of the 
methodology, Williamson (24) stresses that unless active 
support is obtained from the scientists, reliability of 
estimates will be seriously impaired. Peterson fears that 
widespread use of benefit-cost analysis could be very 
costly; some projects require more resources to evaluate 
than are in the project budget (13). Paulsen and Kaldor 
stress the importance of keeping the benefit-cost analy- 
sis simple (11). 

The above comments suggest two important ques- 
tions: (1) What information is required to estimate bene- 
fit-cost ratios for future research expenditures? and (2) 
How can this information be analyzed in a manner that 
is not misleading and yet is simple enough so it does not 
exceed the time and resource constraints placed on the 
evaluation process? 





CORN AND SOYBEAN RESEARCH 


The North-Central region’s research request was 

aluated by the USDA Budget Committee because 
he increase in corn and soybean research funds is con- 
The analysis was further 
arrowed to include only the new research in the two 


trated in that region. 

earch program areas (RPA’s) with the largest requests: 

(1) RPA’s 207-209: Crop protection from insects, 
diseases, and weeds for corn and soybeans 

(2) RPA 307: 
of crop production for corn and soybeans 


Improvement of biological efficiency 


Scientists from the land grant universities provided 

timates of yield and cost effects and adoption rates 
or technology developed with the new research funds. 
The low end of their range of estimates was used in the 
analysis (table 1)..To calculate the benefit-cost ratios 
for each RPA, the following assumptions were made: 
(1) a discount rate of 10 percent, (2) harvested acreage 
held constant at the 1975 level, (3) corn and soybean 
quality remaining constant or the increase in quality 
not lowering livestock feeding costs, (4) a corn price 
of $2 per bushel and a soybean price of $4.75 per 
bushel, (5) a probability of success of 0.8 for corn and 
0.5 for soybeans, (6) the lag in adoption of new methods 
as shown in table 1, (7) benefits beginning in the year 
specified in table 1 and ending in the year 2000, and 
(8) research impacts occurring only in the North-Central 
region. 

Several of the above assumptions are probably con- 
servative. The reporting scientists estimated that pro- 


A similar analysis was done for the Southern region 
but is not reported here because of the difficulties in- 
volved in separating the new research from the research 


bases 


duction costs would decline as a result of the increased 
research. They also thought that the protein quantity 
and quality in corn should improve because of added 
research in RPA 307 which would lower feed costs. 
However, for simplicity in the analysis, only yield in- 
creases were counted as benefits even though the cost 
reductions would afford the same benefits as greater 
yields. Finally, the prices assumed for corn and soy- 
beans were based on projections which assume no 
increase in exports over the period. 


Benefit-Cost Estimates 


The data can be incorporated in a simple frame- 
work to arrive at the benefit-cost ratios. The ratios cal- 
culated for corn and soybeans are all extremely high 
(table 2). The low is $9 in benefits per dollar cost for 
improvement of biological efficiency of soybeans under 
assumptions of long lags, limited probabilities of success, 
and moderate yield increases. The high is $172 in bene- 
fits per dollar of cost for protection of corn from insects, 
diseases, and weeds under an assumption of relatively 
higher prices for corn. The benefits from corn research 
in the North-Central region are especially high because 
the yield increases occur over such a large acreage. 

The importance of the acreage affected can be illus- 
trated by considering the Southern region. There, corn 
acreage in 1975 was 8.8 million acres, compared with 
54.7 million in the North-Central region. If the same 
yield increases are assumed for the Southern region, the 
benefit-cost ratios range from 5 to 26 for corn in RPA 
307. This range is for the same research expenditure as 
in the North-Central region, and it assumes that the 
research only affects the Southern region. Benefit-cost 
ratios would not be reduced as much for soybeans 
since the Southern region’s acreage is about a third that 
of the North-Central region. 


Table 1.—Information required for estimating returns for public research to increase corn and soybean production, 
North-Central region 
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7,900 
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1,000 
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207925 

307 3.0 

2079 1.5 

307 3.0 
re 


77.1 
72.3 
69.6 
74.4 


88.9 
88.9 
31.1 
31.1 


54,722 
54,722 
33,557 
33,557 


Corn 
Corn 
Soy beans 
Soybeans 


Percent Percent of total area 


2 1982 30 50 75 75 
2.25 1985 30 60 80 80 
1 1982 30 50 70 85 
2 1985 40 70 90 95 





'SY stands for scientist year. Dollars per SY includes the cost of the scientists’ salary as well as supporting facilities. 
? Adoption patterns allow for a lag in the influence of the programs. For example, the research results from RPA 207-9 will be 
adopted on 30 percent of the corn acreage in the year the new research is available. In the second year it will be adopted on 50 
percent of the corn acreage, and in subsequent years, it will be adopted on 75 percent of the acreage. 





Table 2.—Sensitivity analysis of the benefits and costs of new production research on soybeans and corn 
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RPA 307 as an example, benefits can 
North-Central region from table 1 
are expected to begin to increase 
1 1985, rising to a level 2.25 percent 
the year 2000. That is a rise of 
r acre (88.9 times 2.25 percent) or 0.125 
16 years. If the probability of 
1 gain of only 1.6 bushels is expected 
owances for the adoption pattern 
res provide an estimate of the 
tion for each year. 
185, only 30 percent of the 
realize the expected increase of 
In 1986, 60 percent will have 
) methods and 30 percent, the 1986 
ial increase in production is multi- 
o estimate the total receipts or 
for each year. These benefits 
} million per year in 1985 to over 
ear 2000. Using a discount rate of 
tream of income would have 


SY’s at $72,300 
the stream of expenditures was 
The benefit-cost ratio for corn 

$200,476,000 divided by $216,900 
, one dollar of costs is expected 


ed from the starting year of 1975 


ratios are sensitive to changes in 
ng the length of lags, probability 

yields. For example, scientists 

y optimistic in their estimates of 
Also in light of past research pro- 


RPA 
307 


118 
102 
74 
64 


148 


59 


37 


ductivity estimates made by Bredahl and Peterson (1), 
the yield increases seem high. To adjust for a possible 
optimistic tendency, three of the sets of benefit-cost 
ratios were calculated assuming that the yield increases 
were only 50 percent of the yield estimates. 

As a check to see if the reduced yield increases are 
reasonable, all scientists from the North-Central region 
working on corn in RPA’s 207-209 and 307 were 
assumed to be just as productive as the new scientists. 
With yield increases reduced to 50 percent and the lower 
probability of success, corn yields in 2000 would be 16 
bushels higher because of the research. In other words, 
corn research in the land grant universities in the North- 
Central region would increase corn yields in the region 
by 18 percent in 25 years. Assuming only the 50-percent 
reduction in yield increases for soybeans, scientists from 
the North-Central region in RPA’s 207-209 and 307 
would increase yields 3 bushels, or 10 percent, in 25 
years. Both outcomes seem quite reasonable in light of 
the past productivity of agricultural research expendi- 
tures in cash grains (1). The outcomes also indicate that 
the reduced yield increases are more realistic, particular- 
ly for corn. 

The sensitivity of the benefit-cost estimates to 
changes in assumptions, concerning length of lags, proba- 
bility of success, prices, and yields, appears in rows 2 to 
8 of table 2. First, we extend the lag between the 
research expenditures and the availability of the results 
for adoption. The lag is increased from 7 to 10 years for 
RPA 307 and from 4 to 6 years for RPA’s 207-209, 
which lowers the ratios (row 2). Second, the probability 
of success assumption is reduced from 0.8 to 0.5 for 
corn and from 0.5 to 0.3 for soybeans. Again, the ratios 
are lowered (row 3). Third, we increase the length of 





probabilities of success, both of 
nefit-cost ratios. Fourth, the prices 
ns are increased to $2.50 and $5, 
prices are closer to 1976 prices and 
bstantially, as shown in row 5. Fifth, 
are reduced by 50 percent, and the 
Sixth, the yield increases 


reduce 


are lowered (row 6).4 


the probabilities of success are both reduced, which 


lowers the benefit-cost ratios. Finally, the 


increased, the probability of success 
eld increases lowered by 50 percent. 
wer the ratios substantially but, as 
he reduced yield assumptions are 
past trends. Yet the ratios remain 
indicating research has a high payoff over a wide 
ol assumptions 
USDA budget committee members similarly 
research for wheat, beef cattle and 
rages, dairy and swine, and results could also be 
eralized to other crops and livestock.* The analysis 
uld be applied to the research base as well, although 
would be more difficult to ignore the following 
questions. How much research is necessary just to main- 
tain current levels of production and how important is 
the interaction among different types of research proj- 
ects and among scientists? Can one evaluate corn breed- 
ing research separately from that for wheat breeding or 
ew pesticides?® Adjustment problems will be more 
important if the total research base is evaluated. Will 
the increase in production due to research reduce farm 
incomes enough to drive large numbers of farmers out 
of business (7)? 


Note that a 50-percent reduction in the acreage 
fected by the new research would have the same im- 
act as the yield reduction. However, the adjustment 
mplied by such a large reduction in acreage would mean 
1 increased rate of farmers moving out of agriculture 
ind more declining rural communities. 

The benefits from beef cattle-forage research were 

measured in terms of reproductive efficiency, reduced 
)w maintenance costs, and lower costs per pound of 
iin. Swine research benefits were measured in a similar 
manner. For dairy cattle, increased milk production per 
cow and improved reproductive efficiency were used to 
neasure benefits. Research to improve animal health will 
kely be important for all classes of livestock and will be 
eflected in several of the benefit measures. For example, 
mproved animal health could improve reproduction effi- 
ency and reduce the cost per pound of meat or milk. 
°* A more difficult task would be to evaluate the rural 
levelopment research and extension. It is much more 
difficult to put a dollar value on rural development ex- 
tension than on an additional bushel of corn. Thus, in 
evaluating rural development research and extension, 
cost-effectiveness analysis may be more appropriate than 
benefit-cost analysis because benefits need not be valued. 
Cost-effectiveness analysis would require three kinds of 
information: (1) a listing of specific objectives, (2) a cost 
breakdown by project and objective, and (3) a display of 
projected outcomes in physical terms, if possible. Finally, 
the proposal should be compared with the cost of alter- 
native methods of obtaining similar results. 


Distribution of Benefits 


The benefit-cost ratios reveal nothing about the distri- 
bution of benefits between farmers and consumers., 
Benefits and costs of increased production are passed 
along to society in many ways. The additional corn and 
soybeans will move through markets and generate em- 
ployment as well as other economic activity. Increased 
supplies will create downward pressure on prices which 
reduces the value of the increased production to farmers 
and raises the benefits to consumers. 

Lower corn prices cause downward pressure on live- 
stock prices as feed becomes cheaper. The impact of 
lower livestock prices spreads to the wholesale and retail 
sector and benefits consumers. Lower soybean prices 
have a similar effect on livestock prices and also affect 
the markets for margarine, shortening, and salad oil (/2). 
The effects spread through a wide portion of the agricul- 
tural sector and, to a certain extent, the foreign trade 
sector as well. 

To help measure the distribution of the research im- 
pact, we used estimates published in a recent report by 
the National Academy of Sciences (12). For that study, 
several econometric models were combined and the 
resulting impact multipliers used to obtain empirical 
estimates of the effects of pest control on soybeans and 
corn. Estimates were made, based on this report, of the 
effects on prices in the feed/livestock/meat economy of 
a 3-percent increase in corn and soybean production 
(table 3). 


Table 3.—Estimated changes in prices due to a 3-percent 
increase in corn and soybean production in the 
United States 





Corn Soybeans 








Percentage change 


Prices received by farmers 
for corn 

Prices received by farmers 
for soybeans 

Soybean meal prices at 
wholesale 

Soybean oil prices at 
wholesale 

Price of fed cattle 

Retail price of beef 

Farm price of pork 

Retail price of pork 

Wholesale price of broiler 
chickens 

Retail price of chickens 

Retail price of eggs 

Retail price of margarine 

Retail price of shortening 

Retail price of salad oils 








Source: Based on estimates in National Academy of 
Science Report (72). 


-+- = not applicable. 





Because the increase in production generally causes 
a corresponding decline in price, consumers are the 
major beneficiaries. To illustrate, assume the initial 
price of corn is $2 per bushel and production is 5 billion 
bushels (figure). If production increases 3 percent, the 
price of corn drops approximately 3 percent (table 3). 
The research effort has increased production by shifting 
the supply curve from S to S’. Consumers gain A + B in 
consumer surplus from the increased production and 
lower price. The change in gross returns to producers is 
represented by the gain of C minus the loss of A. Note 
that we are comparing the change in consumer surplus 
with the change in gross returns to producers and not 
with “‘producers surplus.” Quantitatively, the following 
effects have occurred: (1) the 3-percent increase in pro- 
duction means a gain of 0.15 billion bushels of corn, 
(2) the price drop of 3 percent means a decline from 
$2 to $1.94, (3) the gain in consumer surplus equals 
A+B 0.06 x 5 billion bushels + (0.5) (0.06) x 
0.15 billion bushels = $304.5 million, (4) the change in 
gross returns to producers equals C-A which equals 
1 bushels ($291 million) - $300 mil- 
In summary, consumers gain $304.5 
million while producers lose $9 million in gross returns. 

As with corn, the farm price effect of the increased 
production of soybeans offsets the production effect, 
income from soybeans virtually 
The price effect is especially strong for 
and this spreads into the fats and oils 


$1.94 x 0.15 billio 


lion = -$9 million 


¥ gross larn 


Impact of Research on 
U.S. Corn Production 


Price/Bushel 








5 5.15 
Production (Billion Bushels) 


sector. The longrun effect on livestock is a half of 1 
percent or less. 

The analysis of corn and soybean research shows that 
there will likely be a high return with effects spreading 
throughout the feed/livestock/oils sectors. In the end, 
the consumers will be the major beneficiaries. However, 
to the extent that exports are more price responsive, 
the price effects will be smaller, and farmers will benefit 
more. There will also be an increase in foreign exchange 
earnings if export demand is elastic. 


Conclusions 


The application of benefit-cost analysis to future land 
grant universities’ budget requests for agricultural 
research and extension will be a major task. However, 
the task seems feasible, particularly for crop and live- 
stock research. A major advantage of this type of analy- 
sis is that it can be kept simple. The key in the analysis 
is the cooperation of the scientists; their estimates of 
potential outcomes are critical. Sensitivity analysis can 
be used to present policymakers with a range of returns 
under varying assumptions. If time permits, the results 
can be strengthened with estimates of the distribution of 
benefits between consumers and producers. 

Based on the analysis of corn and soybean research, 
it appears that the land grant universities’ research 
expenditures will bring a high return. 





In Earlier Issues 


Studies in land tenure... emphasized the opportunity 
for a young man to attain farm ownership through a 
series of steps under which he served an apprenticeship 
while acquiring the necessary capital. This series of steps, 
called the agricultural ladder, progressed from farm labor- 
er to tenant to mortgaged-owner to full ownership... 

In more recent years considerable interest has devel- 
oped in father-son farm agreements which approximate a 
partnership to help the agricultural ladder to function. 
This type of tenure arrangement has its origin in three 
increasing trends: A greater capital requirement in farm- 
ing, a longer period of life expectancy, and better oppor- 
tunities for employment off the farm . 

Recent trends in decentralization of industrial activity 
and increased professivnal services have offered farm 
youth more opportunities for employment off the farms. 
Farm youth who are not interested in farming as an 
occupation have found it easy to get started in other 
vocations, 


‘“‘Father-Son Farm Agreements in Virginia,’’ by W. L. 
Gibson, Jr. and F. D. Hansing. AER, Vol. I, No. 3, July 
1949, p. 78. 
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REGIONAL RESOURCE USE AND COMMODITY 
SUPPLY RESPONSE 


By Richard M. Adams and Robert B. McKusick* 








INTRODUCTION 


Methodology for regional economic projections used 
in comprehensive planning and evaluation of water and 
related land resource use has been changing during the 
last 10 to 15 years. The changes have been occurring for 
several reasons 

@ Asa response to the economic, land, and water use 
information needs of the Water Resources Council 
(33, 34); 

@ Asa result of the National Water Commission study 
suggesting higher levies to resource users and benefi- 
ciaries (15, 16); 

In answer to questions regarding the consistent mea- 
surement of the value of goods and services to con- 
sumers and producers raised at the National Water 
Conference (35); 

As a result of a general concern for improved com- 
prehensive agricultural forecasts and projections and 
more economic flexibility in water and land use 


policy and plannin 


o 


Abstract: The feasibility of quadratic program- 
ming as a means of integrating agricultural price- 
quantity relationships and regional resource avail- 
ability is demonstrated for a California test case. 
Estimates are developed for producer’s and con- 
sumer’s surplus, values of vegetables and field 
crop production, and resource use considering 
alternative levels of commodity demand, func- 
tional price-quantity relationships, normalized 
prices, and OBERS production projections. The 
results of the study have implications for resource 
policy analysis, shortrun agricultural price fore- 
cast, resource situation and outlook work, com- 
modity and resource projections, and an expand- 
ed role for regional river basin studies. Key- 
words: Quadratic programming, producer and 
consumer surplus, forecasts, projections, and 
resource planning, evaluation and policy. 


rhe need exists for procedures which can be imple- 
nted at the regional level to develop: (1) a nationally 
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Italicized numbers in parentheses refer to items in 


the end of this article. 
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consistent set of land (soil groups), water, production, 
and crop acreage projections for agriculture which can 
be used in river basin or regional studies; (2) a consistent 
set of prices to value alternative levels of production 
“with” and “without” program and projects, to deter- 
mine national economic development benefits and 
costs;? and (3) intermediate projections (and method- 
ology) based on shortrun cycles and longrun trends.’ 

The Economic Research Service (ERS) has the major 
responsibility for developing agricultural price, produc- 
tion, and resource use projections within USDA. Cur- 
rently, applied methodology is lacking that ties com- 
modity prices and quantities directly to regional resource 
use. In general, the river basin regional models of the 
Natural Resource Economics Division in ERS have tra- 
ditionally been linear programming models, with com- 
modity prices held constant, while “demand” restraints 
are imposed independent of prices. Prices and quantities 
tend to be developed exogenously, independent of the 
regional resource base.* Such models have been used to 
generate longrun projections (10-45 years) of land use 
and resource allocation. 

Generally, national shortrun agricultural price-fore- 
casting models which emphasize the interaction of prices 
and quantities ignore any interaction with the regional 
resource base and they do not consider regional compara- 
tive production advantages for crops. There is a need to 
incorporate these shortrun price-forecasting equations 
into regional programming ‘models to endogenously 
determine regional production levels. Such methodology 
could enhance intermediate projections (2-5 years) 
through the expanded use of river basin regional pro- 
gramming models and improve regional shortrun forecasts 
of commodity prices and quantities and of resource use. 


?For a discussion of the current multiple-objective 
planning and evaluation procedures, which involve the 
two objectives and four accounts used by Federal agen- 
cies, see (14, 24, 27, 32-34). 

>This problem was recognized in a recent survey arti- 
cle in Agricultural Economics Research by Boutwell, and 
others, which pointed out that “‘longrun projections 
models generally fail to pick up shortrun variations just 
as shortrun forecasting models usually do not pick up 
longrun trends’’ (7, p. 41). 

*In a strict sense, quantity is endogenously deter- 
mined, but within predetermined bounds. While the 
optimum quantity produced in the linear programming 
model framework does not always equal the specified 
quantity restraint (because of other market and resource 
restraints), most market restraints are usually reached. 
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rhe output of this integrated effort (commodity price, 
quantity, and resource base) could be a valuable input 
into resource situation and outlook reports and the 
formulation and analysis of resource policy. 


OBJECTIVES 


This article demonstrates the feasibility of a quad- 
ratic programming model with the objective function 
pecified to maximize producer’s and consumer’s 
surplus—as a means of integrating price-quantity rela- 
tionships and intermediate-run regional resource availa- 
bility at the State level. A set of results is compared for 
a quadratic programming model for California,‘ first 
incorporating price-forecasting equations for vegetables 
and field crops, and then inputing the normalized price 
series (34)° and OBERS (29)’ production constraints 
for field crops, under alternative “demand” situations 
for 1980. The specific objectives are to: 
® Compare the value of the objective function and the 

value of production for California field crops and 

vegetables under rmoderate and high levels of demand 

(price projections) and OBERS production levels. 

Compare resource use under the above conditions; 

and 

Provide insights into the feasibility of using the more 

general equilibrium framework provided by quadratic 

programming (which incorporates demand curves in 
the objective function) in resource evaluation and 
planning, compared with using OBERS quantity pro- 
jections and normalized price series. 


THE MODEL 


rhe mathematical model is similar to those developed 
by Duloy and Norton (8), Hazell and Scandizzo (9), and 
Simmons and Pomerada (18). However, the study model 
uses a quadratic solution procedure similar to that sug- 
gested by Takayama and Judge (19). 

The most notable feature of these models is that they 
include product demand relationships through the use of 
price-forecasting equations. The fact that prices are an 
endogenous variable and the nature of the maximand 


> A detailed discussion of this model, as well as a set 
of analyses of alternative energy input prices and quan- 
tities, appears in (/) and (2). 

° “Current normarlized prices” are the price standards 
used by Federal agencies in evaluating agricultural effects 
of alternative development and management plans for 
water and related land resources. 

’Currently, agricultural production projections used 
by Federal agencies for water and related land resource 
planning are the OBERS series developed jointly by the 
Economic Research Service and the former Office of 
Business Economics (now Bureau of Economic Analysis), 
U.S. Department of Commerce. 
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makes these models well suited to use in agricultural 
planning. The maximand of the quadratic programming 
problem may be equated to the area under the demand 
curves above supply costs at the relevant quantity levels 
(that is, the Marshallian concept of economic surplus). 
This feature is particularly meaningful from a policy 
standpoint in that aggregate distributional effects may 
be determined (see 8). 

The study model contains a quadratic objective func- 
tion and a convex linear constraint set. Specifically , the 
objective function takes the form: 


Max 7 =q’ (q+.5Dq)-c (q)° (1) 


where 7 equals the sum of producer’s and consumer’s 
surplus; g equals a vector of aggregate activity levels in 
quantity units (for example, 100 cwt, or 1,000 tons); 
and a and D are elements of the linear demand struc- 
ture (P = a + Dq) where: 


vector of intercept terms; 

negative diagonal matrix of slope coefficients; 
and 

vector of activity variable cost levels 


As discussed by Duloy and Norton (8), maximizing 
the objective function is analogous to maximizing the 
sum of consumer’s and producer’s surplus; that is, a 
perfectly competitive solution in which price equals 
marginal cost. Disaggregation of the objective function 
into consumer’s and producer’s surpluses may be used 
to measure welfare distribution quantitatively under 
different policy parameters. Such a disaggregation, under 
varying assumptions about price-quantity relationships 
for the commodities studied is discussed in a later 
section. 

The model objective function is bounded by a convex 
constraint set of the form: 


Aq <b (2) 


where A is an M x N matrix of production coefficients; 
and 0 is an M x 1 vector of resource availability. 

To simulate a linear programming (LP) outcome 
(horizontal demand curves or constant output prices) for 
certain commodities, the negative regional D matrix 


®*The scalar value (.5) in the objective function 
ensures a perfectly competitive solution (intersection of 
supply and demand, or P = MC) rather than the monopo- 
listic solution (MR = MC). That is, the first-order condi- 
tions (for equation 1) result in the perfectly competitive 
equilibrium: 


P=a+Dq=c’ (q)' = MC. 


Without the .5 element, the first-order conditions result 
‘=MC, 
where the left-hand term (a + 2Dq) is marginal revenue (8). 


in the monopolistic situation: a + 2Dq = c. (q) 





elements (slope coefficients) corresponding to the field 
crop set were adjusted to approximate a horizontal 
(“perfectly elastic’) slope. This approximation (rather 
than a slope of exactly zero) was necessary to facilitate 
the quadratic solution procedure; that is, the diagonal 
elements of the D matrix must be nonzero. This adjust- 
ment, together with adjustment of the field crop inter- 
cept terms to normalized price levels (while maintaining 
downward sloping demand relationships for vegetables), 
of objective function demand relation- 
ships used to approximate the LP outcome. 


resulted in the set 


Algebraically, equation (1) takes the following heu- 
ristic form for field crops under the normalized price- 
OBERS projections 

Max t=aq-c q (3) 
Vegetable demand slopes and intercepts remain at origi- 
nal values (as estimated or derived from secondary 
sources), except for intercept modifications under alter- 
native demand assumptions. OBERS production data 
were not available for vegetables. 

Three alternative models are analyzed: 
® model I - the basic quadratic form, with price-fore- 
juations for both vegetables and field crops; 
® model II - a quadratic form with field crops set at 

approximately zero slope and intercepts at normal- 

ized price levels; and 
@ model III - the same form as model II except that 
OBERS production levels are added as right-hand- 


casting € 


side constraint 
ted later from these three forms show 
of quadratic programming as compared 
to normalized prices and OBERS projections in a linear 
objective function 

Because the quadratic programming model and the 
two Variants are ¢ 


he results presen 


the usetuiness 


xercises in normative economics, any 
claims as to their predictive accuracy would be mis- 
placed. The results are conditional upon the rea- 
sonableness of the price forecasting equations. More flex- 


ibility may 


_ lo] 
mode! 


be incorporated into projections of resource 
use through the use of commodity price-quantity rela- 
tionships and into the forecast of regional prices through 
the use of regional resource programming models. 


Commodity Demand 


The quadratic programming methodology used in 
this study required the specification of linear demand 


functions of the 


£ 


form 
p=a+Dgq (4) 


p is ann x 1 vector of prices, a is an n x 1 vector 
a negative diagonal matrix of price- 
quantity slope coefficients, and q is an n x 1 vector of 

quantities. These relationships are specified at the farm 
level. The diagonal D matrix means zero cross-effects 

for competing commodities at the farm level. 


¢ 


of constants, D is 


The general specification of the farm level price- 
forecasting equations includes variables for California 
production, production in other regions, and other 
variables, where:° 


Pc; = f (Qcj, Qoj, Sj, Y) 
and 


Pc; season average price received by farmers in 
California for commodity i 

Qej = production in California 

Qo; = “other” U.S. production 

Si = existing U.S. stocks 

¥ - U.S. aggregate disposable personal income 

and 

f is a linear functional form. 

Seasonal and annual price-forecasting estimates of 37 
commodities (including seasonal subsets of the 18 model 
commodities) were required, 33 of which were obtained 
with the above price-forecasting equation.'° Price-quan- 
tity relationships for the remaining four commodities 
where simultaneity was suspected were derived from 
more detailed econometric studies.'' The employed 
price-forecasting equation slope and intercept values are 
published in (7) and (2). 


OBERS Projections 


Currently, the OBERS series represents the agricul- 
tural production projections used in water and related 
land resource planning at the Federal level. The projec- 
tions of regional economic activity made for 190 water 
resource subareas include national production “‘require- 
ments” to meet specific consumption, population, and 
import-export assumptions. Traditionally the regional 
production shares have been determined by historical 
trends. 

These economic projections and supporting data base 
serve two purposes: 

First, they are an essential input for estimating 

the demands for water and related land. Second, 

they constitute a framework for estimating the 

economic effects of specified water constraints 


’ Econometrically, it appears reasonable to treat some 
annual crop production as predetermined within the 
crop year. Thus, quantity can be used as an independent 
variable in least squares price-forecasting equations to 
obtain unbiased statistical estimates 

'° Independent variables other than “production in 
California’? were evaluated at mean levels and added to 
the intercept terms in the objective function specifica- 
tion. The result was general price-forecasting equations 
of the form Pej; = aj + djQc;. The addition of “other” 
explanatory variables to the intercept term is consistent 
with the model’s emphasis on price prediction. 

'! The four commodities and the sources from which 
they were derived are: cotton (6), processing tomatoes 
(12), sugar beets (4), and safflower (10). 





and of alternative programs for developing and 
managing the Nation’s land and water resource 
30. p.9 

[he conceptual basis underlying OBERS U.S. agricul- 
iral projections is supposed to be that of a general price 

lilibrium. According to the Water Resources Council, 
rojected commodity per capita consumption is to be 

i to a set of price-quantity relationships, in which 
ational production projections reflect specified relation- 

ps betwee nsumption and income, potentials for 


tion, and the price elasticity of product 


he OBERS production projection 
these factors: baseline per capita 
tions, price elasticities for all com- 
ticities where appropriate, exports, 
and national interregional competi- 

h a model will generate regional 

to be used as inputs in constrained 


¢ models. But, even with these changes, 


| fails to recognize that regional de- 


e proposed I GE 


nily ) 
fiuence 


; price and regional supply is responsive 

g For resource planning and evaluation, 
between regional production levels and 

ational price levels will not be realized. That is to say, 

or resource planning and evaluation in the “principles” 

and “standards” framework of the Water Resources 


Council, the distinction between regional and national 


economic benefits and costs will still be unclear (33, 34). 


Normalized Prices 


“Current normalized prices” are the price standards 
used in evaluating agricultural effects of alternative 
development and management plans for water and 
related land resources. The current procedure uses an 


Almon polynominal distributed-lag method based on a 
5-year period (3, 17). The resulting prices for planning 
purposes have been published by the Water Resources 
Council (36). 

The current procedure, as with previous normalized 
price procedures (25) has not been integrated with 
OBERS production levels (or optimum production levels 
obtained from regional LP models) to determine the 
value of goods and services from a plan or project (for 
national economic development objective and account 
entries). It is questionable whether these quantities (pro- 
duction) and prices are in “equilibrium” 

The study analyses for 1980 are based on the 1980 
OBERS Series E production projections and normalized 
prices using the polynomical distributed-lag procedure 
for 1970-74 (table 1). New data have since been devel- 
oped based on OBERS Series E -High Export, and 
normalized prices using 1971-75 data. These new data 
for California field crops show a slight decrease in prices 
(because of lower prices in 1975 and the weighting pro- 
cedure of the distributed-lag approach). Projected pro- 
duction requirements for California field crops remained 
basically constant in 1980 except for increases in corn 
and grain sorghum. 


D/-TA 


Production Regions, Cropping Activities, 
and Resource Constraints 


California is a major agricultural production region, 
producing a diverse, high-value, crop mix. Favorable 
climatic, soil, and water conditions have enabled the 
region to assume national dominance in the production 
of fruits and nuts, vegetables, and specific field crops. 
Changes in California production of these crops can 
significantly affect regional and national prices. 


Table 1.—Normalized prices and 1980 OBERS production, California 





Crop 


1980 OBERS Series E 
production, California 


“Normalized” price 
(dollars per unit)’ 








Bushel 
Cwt 
Bushel 
Cwt 
Bushel 
Ton 
Bushel 


Barley | 
Beans, dry | 
Corn, grain 

Rice 
Sorghum, grain 
Sugar beets | 
Wheat 





Thousands 


2.70 75,161 
24.60 3,101 
3.39 723,987 
9.13 25,531 
3.10 36,599 
32.62 7,839 
3.16 731,019 





' Normalized price series is that obtained using the polynomial distributed lag procedure for 1970-74. 2Corn and wheat data 
were not presented for California in the OBERS publication. Based on 1972-74 average production. 


Source: ERS, Regional Projections Analytical System, preliminary prices and projections; and U.S. Water Resources Council, 
1972 OBERS Projections Regional Economic Activity in the U.S., Series E Population Supplement p. 59, table 2, May 1975. 





Eighteen irrigated annual crops are included in the 


analysis: barley, beans (dry), broccoli, cantaloupes, 


carrots, cauliflower, celery, corn, cotton, grain sorghum, 


potatoes 


rice, safflower, sugar beets, 
h and processed), and wheat. Perennials 
to their complex time horizons. 
ity of production (important 
diversity of California climatic 
n subregions and seasonal and annual 
specified 
right-hand-side restraints) related to 
and (of two quality types), irriga- 
and surface), fuel (gasoline and 
lizer. Institutional restraints, 
processing capacities for proc- 
gar beets, were imposed. Market 
f OBERS production levels and 
mposed on models II and III. 


EMPIRICAL RESULTS 


nclude the values of producer 
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and resource usage for Cali- 
three model were obtained 

high set of demand assumptions 

1 total of six model solutions. 
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ce levels observed in 1973-74 


ing equation affects the total value of the objective func- 
tion as well as the respective components, The “flatter” 
or more elastic demand relationships may be expected 
to yield higher levels of producer’s relative to consumer’s 
surplus than more steeply sloped relationships. There- 
fore,the use of normalized prices (with “flat slopes”) or 
perfectly elastic demand curves for field crops, with and 
without OBERS production restraints, will by definition 
tend to result in distributional and absolute changes in 
the objective function and resource use. The objective 
function values for each model, under respective de- 
mand assumptions, are presented in table 2. 

The total value of the objective function under mod- 
erate demand, when compared with the quadratic solu- 
tion (I), increased under both normalized-price, perfectly 
elastic demand (II), and normalized price-OBERS con- 
straint models (III). Such an observation is consistent 
with the high level of field crop prices portrayed in the 
distributed-lag series, and the non-depressing effect on 
prices of horizontal slopes for these commodities. Thus, 
the use of normalized prices, even with OBERS con- 
straints, tends to result in slightly higher objective func- 
tion values than the base quadratic solution, under 
“moderate” demand adjustment. Model I shows the 
objective function to consist of about 65 percent pro- 
ducer’s surplus and 35 percent consumer’s surplus. 
Under the perfectly elastic (except vegetables) model 
II the percentages are about 90 and 10, compared with 
78 and 22 for the constrained model III. 

Under a high demand assumption (reflecting the high 
commodity price levels of 1973-74), the quadratic base 
solution (1) displays a higher value than the other models, 
partly because of a heavy mix of vegetable crops in the 
solution and field crop price intercepts (reflecting 1973- 
74 price levels) that exceeded the normalized price. The 
mix between producer’s and consumer’s surplus for each 
model output for which the measure is meaningful is 
roughly two-thirds and one-third. Consumer’s surplus is 
greater than zero in models IJ and III only because of the 
downward-sloping demand relationship for vegetables. 


Value of Production 


The value of production (index numbers) of vegeta- 
bles, field crops, and total production appears in table 3 
(for moderate demand) and table 4 (for high demand). 

Field crop production increased significantly under 
the conditions of model II, compared with the quadratic 
solution (model I), a result which is consistent with the 
nondepressing effect on prices of the horizontal slopes 
for field crops. This increase comes at the expense of 
vegetable production, which maintains the downward 
sloping demand relationships. When the OBERS produc- 
tion restraints are added to the horizontal demand 
curves for field crops (model III), field crop production 
decreases relative to that in model II, because of the 
constraining level of the OBERS projections. 

With moderate demand adjustment for vegetables 





Table 2.—Value of the objective function, producer's surplus, and consumer's surplus under alternative demand and model 
assumptions for 1980 





Demand assumption Producer's Consumer's 


and model 


Objective function 


value 





surplus’ 





surplus? 





Moderate Demand:* 


Base model, quadratic 

solution® 

Perfectly elastic demand model, 
normalized field crop prices and 
no OBERS production restraints 
Constrained, perfectly elastic 
demand model, normalized field 
crop price and OBERS production 


restraints 


1,069.865 


1,304. 108 


1,100.695 


Thousand dollars 


688.291 
(64.3) 


1,163.196 
(89.2) 


849.312 
(77.2) 


381.575 


(35.7) 


140.912 


(10.8) 


251.384 


(22.8) 


High demand: ’ 


605.724 
(33.8) 


1,183.981 
(66.2) 


Base model, quadratic 1,789.705 
solution® 
Perfectly elastic 
normalized field crop prices and 
no OBERS prod 
Constrained, perfectly elastic 
demand model, normalized field 
and OBERS production 


demand model, 
1,268.342 374.097 
(77.2) (22.8) 


1,642.438 





ction restraints 


523.189 
(34.0) 


1,013.6 /7 
(66.0) 


1,536.866 


crop price 


restraints 





Note: All models maintain the conventional downward-sloping price-forecasting equatidns for vegetables. Thus, there will be 
consumer's surplus values for models {| and I!1, due primarily to vegetable production. Values in parenthesis are percentages. 

‘Producer's surplus, as used here, represents returns to land and management. 7 The model maximands are analogous to 
maximizing the sum of producer’s and consumer's surplus; that is, area under the demand curve and above supply costs. Hence, 
the difference between the objective function and producer's surplus may be equated to consumer's surplus. > Moderate demand 
refers to a uniform increase in commodity prices (intercepts) of 50 percent from levels in 1972. *High demand reflects an 
adjustment in commodity prices corresponding to the highest observed prices for 1973-74, for each commodity. * Quadraiic 
model incorporates price-forecasting equation for both vegetables and field crops, with no normalized price or OBERS consider- 


ations. 


imbers of value of production for vegetables and field crops under models |, 11, and 111, moderate demand’ 





Moderate demand adjustment for vegetables ” 
a a ' 








Constrained perfectly 
elastic demand model— 
normalized field crop 
price and OBERS 
production restraints 


tl. Perfectly elastic demand 
model-normalized field 
crop prices and no 
OBERS production 
restraints 


3ase mode! 
quadratic solution 





Percentage 
change 


index 
number 


100 
100 


100 


index 
number 


62 
209 


112 


Percentage 
change 


38 
+109 


+12 


Index 
number 


84 
12 


97 


Percentage 
change 


16 
+23 


3 





t 


nt a Laspeyres price index developed using commodity prices from the models solutions as weights 


© a uniform increase in commodity prices (intercepts) of 50 percent from levels in 1972 





Table 4.—Index numbers of value of production for vegetables and field crops under models |, !1, and I11, high demand’ 





High demand adjustment for vegetables 





Il. Perfectly elastic demand 
model-normalized field 
crop prices and no 
OBERS production 


restraints 


Constrained perfectly 
elastic demand model— 
normalized field crop 
price and OBERS 
production restraints 


Base model- 
quadratic solution 


Index Index 
number number 





index 
number 


Percentage 
change 


Percentage 
change 


Percentage 
change 


100 -- 81 —19 -11 
100 -- 129 +29 18 


100 — 95 —% 13 





present a Laspeyres price index using commodity prices from the models solutions as weights. ? High 
adjustment in commodity prices corresponding to the highest observed prices for 1973-75, for each 


ted), field crop production exceeded the quadratic) apparently has limitations for short and 
intermediate-run commodity supply response and 


resource use policy analysis and forecast. 


solution (1) (which is also moderate 

1 crops and vegetables) under the 
ydels II and III, while vegetable produc- 
total, the OBERS constrained model Besousce Use 
demand revealed production levels some- 

Resource use generated from models I, II, and III 
appear in table 5. As a group, field crops are more land 
extensive than vegetables, their per acre water and fuel 
requirements are less, and their per acre fertilizer 
requirement is lower. Thus, any model which tends to 
favor production of one crop group over the other will 
result in differential rates of resource use. As a result, 
resource use depends on both total production and the 
commodity mix of production. 

The demands placed on the land resource by the 
normalized price and OBERS models are consistent with 
the results presented in the production tables. The 
higher level of field crop production vis-a-vis vegetables 
is reflected in greater use of the land resource, compared 
with the base model. This is consistent with the more 
land extensive nature of field crops. Water demands are 
reduced in the normalized price-OBERS models (from 
base values) again consistent with the expanded field 
crop production and the generally lower water require- 
ments of such crops. Fuel use tends to reflect the larger 
land area involved in the nonbase models. 

Fertilizer usage displays no particular pattern in the 
various models, except for high demand model II. This 
behavior results from the highly differential rates of use 
among specific crops and the aggregate nature in which 
production is reported. For example, model II features 


those in the base quadratic model. This 
hat when adjustments in demand are 

rate, normalized prices and OBERS 
LP framework yield results somewhat 
the quadratic solution. There are 

getables and field crops, which 
RS production levels and normalized 
yps exceeded the estimated “equilibri- 

ve to the quadratic solution. 

mand adjustment for vegetables (and 

he quadratic solution), the disparity 

juadratic solution (I) and the model II 


] 


i due to the increased comparative 
tables (high versus moderate demand). 
OBERS constrained solution (model 
field crops and vegetables was less than the 
quadratic solution. The decrease in field 
expected due to the enhanced com- 
yf vegetables. One would intuitively 
xpect a relative increase in vegetable production under 
nodel III. However, 
s for selected field crops, particularly sugar beet 


because of regional production 


tion within the coastal valleys, resources are not 
to expand vegetable production. 


results of the high demand assumption indicate 


LP framework, relative to the quadratic solu- 


n, lacks the flexibility to adjust to demand “shocks” 
such as the large price increase observed in 1973-74. Be- 
cause of this inflexibility of prices and the fixed OBERS 
production restraints, the LP framework (compared with 
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an expanded production of dry beans, with a low per 
acre requirement for nitrogen fertilizer. This fact might 
not be obvious in terms of acreage if production of 

another field crop were reduced proportionately, but it 





and index number for moderate and high demand levels, models I, I1, and III 





Moderate demand' 


High demand? 





T 


i 
| 





[a 





Acres 


Acre feet 


2.142 
7.185 
57.616 
295.252 


2.480 
5.971 
63.541 
291.093 


Gallons 
Pounds 


Resource use* | 100 106 


Million 


2.229 
5.876 
57.365 
316.734 


2.178 
6.847 
62.558 
317.318 


2.506 
6.001 
58.745 

> 250.009 


2.295 
5.950 
51.905 
343.363 


100 100 103 101 





' Moderate demand refers to a uniform increase in commodity prices (intercepts) of 50 percent from levels in 1972. *? High 


demand reflects 
commodity. * 
4 


i 


ises relatively low 


mechanism 


amounts of such fertilizer 


uld show up in a decline in overall nitrogen fertilizer 


t 


[The OBERS constrained solutions, when compared 
th the quadratic solution, increased land use by only 
10,000 acres but decreased water use by over 1 million 

acre feet. This results from the major shift to field crops. 


RESEARCH AND POLICY 
IMPLICATIONS 


rhe paper has discussed possible improvements in 
intermediate-term agricultural forecasting of price, pro- 
duction, and resource use by merging shortrun price- 
forecasting, intermediate-run income projections, and 
longer run regional programming models in an integrated 

ystem. A basic problem with current ERS forecasting 
and projections models is that commodity demand does 
not interact with the resource base and production 
relationships to determine regional equilibrium commod- 
ity prices and quantities. Once regional shares are deter- 
mined, there is no corrective mechanism which allows 
for production adjustments based on changes in profita- 
bility or comparative advantage due to changes in the 
commodity price structure. This inflexibility to simul- 
taneously vary price and quantity becomes even more 
important when major shifts occur in demand or regional 
production, as shown by the wide disparity between the 
results of model I and the normalized price results under 
high demand. Projections based on trend analysis would 
not anticipate these shifts. 

ERS regional river basin models (in general, linear 
programming models) develop information which is basi- 
cally resource related and emphasize production relation- 
ships and commodity supply. Current and projected 
regional information is developed for several factors: 
resource suitability and availability; crop suitability by 
land type or homogenous production area; crop yields 


adjustment in commodity prices corresponding to 
Decline in nitrogen fertilizer use is the result, in part, of substantial acreage increase in dry beans, a crop which 
Laspeyre’s price index using approximate 1976 input costs as weighting 


he highest observed prices for 1973-75, for each 


and water coefficients by soils or production areas; and 
commodity production costs based on input levels, soils, 
methods of irrigation, resource problems (flooding, 
drainage, erosion, irrigation efficiency) and other 
resource use such as fertilizer, pesticides, gas, diesel, and 
labor. A weakness of such models is the lack of good 
demand restraints which consider both quantity and 
price in the derivation of regional commodity market 
shares. The idea of using aggregated demand projections 
as constraints for land and water projections is support- 
ed by the ERS Projections Task Force (2]). But a critical 
aspect of these demand restraints is whether they will be 
developed exogenously or endogenously in regional 
models. 

There is a need to merge the intermediate-run regional 
resource availability and productivity relationships of 
the river basin models with aggregate demand relation- 
ships. As pointed out by the ERS Projections Task Force 

21, p. 13): 
Extended forecasts or outlook for events two, 
three, and four years hence are especially impor- 

tant for private investment decisions and public 

policy and program decisions. This is the period 

we should be focusing most heavily on because 

this is the period most meaningful to the crystal 

ball and tenure of policy makers and the period 

for which we have the most policy tools to use in 

altering undesirable outcomes. Immediate atten- 

tion should be given to development of plans and 

responsibilities for a program of extended outlook 

(forecasts) to cover the period (one to four years) 

not now adequately covered by our short-term 

outlook program or the longer term projections 

program. 

Commodity situation and outlook work should put 
more emphasis on resource availability and suitability as 
they affect commodity supply response. For example, 
the influence of weather (such as drought) on water avail- 
ability in the West this year, and future landownership 





patterns in the West have raised questions as to the sup- 
ply response of selected agricultural commodities. ERS 
should explore the possibility of resource situation and 
outlook work, in particular, the suitability and availabili- 
ty of land and water in the intermediate run for agricul- 
tural production. ERS might also consider a resource 
policy analysis program area which combines resource 
situation and outlook work and longrun researcli findings. 
The results obtained from the various quadratic form- 
ulations have implications for resource evaluation. By 
introducing demand curves directly into the regional 
analysis, regional output or benefits are not developed 
as “‘needs” or “requirements.” As a result, the derived 
demand for resources becomes a function of commodity 
demand and not fixed production levels. Resource 
demand is sensitive not only to product price but also 
to relative resource cost relationships among gas, diesel, 
fertilizer, pesticides, and other inputs. If commodity 
price is allowed to respond to potential supply condi- 
t n projection models, resource repayment capa- 
future conservation, development, manage- 
use may be effected. Such effects may be 


particularly important for water resource planning and 
evaluation. For example, actual water demands are sub- 
stantially higher under the quadratic “base” results than 
for normalized price and OBERS models. Thus, the 
normalized price and OBERS results might understate 
the true demand for irrigation water in California. 

As previously discussed by McKusick, Adams, and 
Snyder (13), a more flexible approach to resource plan- 
ning and evaluation should recognize the interaction of 
production and consumption through the use of com- 
modity demand curves. If the use of consumer’s surplus 
as a measure of welfare is accepted, then differential 
impacts on producer’s and consumer’s welfare can be 
quantified by quadratic programming. Water policy 
makers need to consider these differential impacts. Con- 
sistency among resource agencies in setting economic 
criteria for water and related land resource planning and 
evaluation would be enhanced if national (and, in certain 
cases, regional) demand curves are integrated with 
regional commodity production, costs, resource availa- 
bility and suitability, resource production relationships, 
and regional derived demand curves for resources. 
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In Earlier Issues 


Exploration of the possibilities of increasing industrial utilization of both the basic and 
the waste products of agriculture is extensive. The possibilities in increased utilization of 
farm products on the farm are less spectacular but they are just as sigmficant and con- 


siderable effort is being directed toward developing them. Wherever it is feasible to substi- 


tutue forage crops on acres now producing corn, cotton, or wheat, and to utilize these 
crops profitably through livestock, there are opportunities to combat effectively the 
threat of so-called surplus production. Adjustments of this kind also work in the direc- 
tion of improving the national diet, conserving soil resources, and lending greater stability 


to farm incomes 


Neil W. Johnson 
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A SURVEY OF AGRICUL- 
TURAL ECONOMICS 
LITERATURE: VOLUME I, 
TRADITIONAL FIELDS OF 
AGRICULTURAL ECO- 
NOMICS, 1940’s TO 1970’s. 


Edited by Lee R. Martin, Professor 
of Agricultural and Applied Eco- 
nomics, University of Minnesota. 
University of Minnesota Press, 2037 
University Avenue, Minneapolis, MN; 
in Canada, by Burns and Mac 
Eachern, Ltd., Donn Mills, Ontario. 
540 pages. 1977. $25 

In descending order of interest, 
there are books about people, books 
about events, books about ideas, and 


books about books. This is a book 


about books—a review of more than 


¢ nn 
) OO 


2.3 books, bulletins, and papers in 
the traditional fields of agricultural 
covers virtually all 
writing in 
agricultural World 
War II to the early seventies. It is a 


, 
work 


economics. It 
prominent professional 
economics trom 


prodigious piece ol 
The idea that gave birth to this 
from C. E. Bishop, 


, aS president of the 


‘taking came 
, in 1968 I 


ricultural Economics Association, 


appointe d a committee to investigate 
for a major survey of agri- 
On 
that committee were these prominent 
Glenn L. Johnson, M. M. 
James E, Martin, M. L. Up- 
church, Lee R. Martin, John P. Doll, 
Peter Helmberger, J. Patrick Madden, 
and Edward W. Tyrchniewicz. 

This 


field into three ge 


the need 


cultural economics literature. 


persons 


Kelso 


the 

ral areas, each to 
Volume I, Tradi 
tional Fields of Agricultural Econom- 
ics; Volume II, Quantitative Methods 
in Agri l Volume 

III, Economics of Welfare, Develop- 


ment, and 


committee delineated 


appear in a volume 


Natural Resources. 
first of the 
, Organized as 


The current volume, 


parts 


series, has seven 
follows 
ure i 

duct 


Farm Management and Pro- 
ion Economics, 1946-70, writ- 
Harald R. Jensen, Preparation 
John P. Doll, Albert R. 


Hagan, Charles F. Harshbarger, 


en by 
of! outlines 
and 
». Headley, Review of papers: 
John P. Doll, Earl O. Heady, Glenn 

and Max R 


Joseph ( 


L. Johnson, Langham. 


Part II. The Analysis of Productive 
Efficiency in Agricultural Marketing: 
Models, Methods, and Progress, writ- 
ten by Ben C. French. Preparation of 
outlines: Peter G. Helmberger and 
Frank J. Smith. Review of papers: 
Emerson M. Babb, Peter G. Helm- 
berger, Harold M. Riley, and James 
D. Shaffer. 

Part III. Policy for Commercial Agri- 
culture, 1945-71, written by G. E. 
Brandow. Preparation of outlines: 
James T. Bonnen, John A. Schnittker, 
Vernon L. Sorenson, and Arley D. 
Waldo. Review of papers: Willard W. 
Cochrane, David MacFarlane, Lauren 
K. Soth, and Luther G. Tweeten. 
Part IV. Postwar Policies Relating to 
Trade in Agricultural Products, writ- 
ten by D. Gale Johnson, Preparation 
of outlines: Martin E. Abel and 
James P, Houck. Review of papers: 
T. K. Warley, Larry J. Wipf, and Law- 
rence W, Witt. 

Part V. Agricultural Price Analysis 
and Outlook, written by William G. 
Tomek and Kenneth L. Robinson. 
Preparation of outlines: James P. 
Houck, Lester V. Manderscheid, and 
Edward W. Tyrchniewicz. Review of 
papers: James P. Houck, Richard A. 
Kling, and Edward W. Tyrchniewicz. 
Part VI. Agricultural Finance and 
Capital Markets, written by John R. 
Brake and Emanuel Melichar. Prepara- 
ration of outlines: Chester B. Baker, 
William H. Heneberry, John A. Hop- 
kin, and George D. Irwin, Review of 
papers: Peter J. Barry, Fred Garlock, 
George D. Irwin, Lawrence A. Jones, 
Warren F. Lee, and John B. Penson. 
Part VII. Technical Change in Agri- 
culture, written by Willis Peterson 
and Yujiro Hayami. Preparation of 
outlines: Vernon W. Ruttan. Review 
of papers: Zvi Griliches and Vernon 
W. Ruttan. 

The audience to which this vol- 
ume is addressed is specified in the 
foreword: 

Research workers, teachers, 
extension workers and gradu- 

ate students in agricultural 

economics; teachers, research 

workers and graduate students 

in economics and economic 

statistics, sociology, geogra- 

phy, political science, and an- 

thropology; and teachers, re- 

search workers and graduate 
students in technical agriculture. 
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Professional rather than popular lit- 
erature is reviewed. 

Style and format are remarkably 
consistent throughout, evidence of 
what must have been the exercise of 
strong organizational efforts by edi- 
tor Lee Martin. Typically, a chapter 
begins with a brief resumé of work 
preceding the post World War II peri- 
od. The work then follows a topical 
pattern, topics one after the other 
more or less in chronological order. 
The works addressed to a particular 
topic are reviewed briefly as to their 
major thrust, with reference to the 
bibliography that follows each sec- 
tion. The chapter typically closes 
with a section on further research 
needs. These reviews can, perhaps, be 
described as being more interpretive 
than evaluative. Bibliographies, which 
are superb, are sometimes topically 
grouped and sometimes simply ar- 
ranged alphabetically. 

Seminal works are identified. 
Among the seminal authors men- 
tioned, this reviewer notes the follow- 
ing: 

e Earl Heady, for his many pub- 
lications on production eco- 
nomics 
Mighell and Jones, for their 
work on vertical coordination 
T. W. Schultz, for his book 
Agriculture in an Unstable 
Economy 
Waugh, Nerlove, and Brandow, 
for their work on price analy- 
sis and 
Vernon Ruttan, for his writings 
on technical change. 

The book is well written, but 
rather tedious when read in its entire- 
ty, as would be any annotated bibli- 
ography. But few people, other than 
the editor and the reviewer, are likely 
to read it cover to cover. The average 
reader will probably come to it in 
pursuit of some special interest. He 
will be helped by an excellent table 
of contents, with good headings and 
subheadings. 

What impressions emerge for this 
reviewer after working through 540 
pages bearing 2,308 references; These 
are not comments on the book, which 
is excellent, but on the research which 
is reported. After reading summaries 
of more than 2,000 pieces of work, 





one would be dull indeed if he did 
not form some notions about it all. 
First of all, the question arises, 
What difference does all this make? 
How has the development of agricul- 
ture been changed by all this research? 
The question was not addressed in 
this work, and it would indeed have 
icult to address it. But 
n being raised by State 
res and members of the Con- 
asked to appropriate 
for publicly supported re- 


ultural 


economics. 
impression is clear that these 
How 
into the 


writing chiefly for 
their findings get 


rp peers 


ected decisionmaking 


rum is not really faced. Obviously, 
the feedback engendered by a given 
work 


researcne 


comes mostly from 
rs rather than from 


piece of 
fellow 
farmers, marketers, elected public 
officials, administrators, and finan- 
ciers. The systems approach to 

research, so common in applied re- 
search in private industry, is not evi- 
dent in the work reported in this 

Problem identification, the 

research undertaking, injection of the 
results into the 
forum, feedback from users, re-iden- 


book. 
decisionmaking 


tification of the problem and a new 
loop of the cycle—this fruitful five- 
stage sequence appears, typically, to 
be pursued in only the first two 
stages and then repeated. 

Another impression is that the re- 
searchers in the traditional fields of 
agricultural economics have generally 
operated within the existing power 
structure, whether this was political, 
economic, or professional. Accept- 
ance of, and indeed defense of, the 
status quo has been a prominent fea- 
ture of the work. Agricultural poli- 
cies have been accepted pretty much 
as given, and much of the work is 
that Agricultural 
economists, even though on the pub- 
lic payroll, appear to be agricultural 
advocates, much as labor economists 


within context. 


are advocates of labor and industrial 
economists are advocates of business. 
Should we expect it to be different? 
Challenges to the conventional wisdom 
have been fairly few, and when issued 
have been dramatically successful (as 
with Heady) or professionally damag- 
ing (as with those who didn’t make it 
into the bibliography. Bibliographies, 
as with histories, are written by the 
winners. ) True, this volume is the one 
on traditional areas of agricultural 


economics; perhaps the third volume, 
on the new research agenda, may 
reveal a more venturesome attitude 
on the part of researchers. 

About half the money spent on 
agricultural research is spent by pri- 
vate firms. Few publications come 
from this work, and so the volume 
can contain little on such efforts. 
But considerable research on agricul- 
tural economics has been published 
by such privately supported sources 
as the Stanford Food Research Insti- 
tute, Brookings Foundation, the 
American Enterprise Institute, the 
Committee on Economic Develop- 
ment, and others. These receive what 
seems to me less than their deserved 
attention. 

This book is so comprehensive, so 
convenient, and so reputable that al- 
most anyone who does research in 
agricultural economics should own a 
copy or have access to one. The time 
involved in researching the literature 
will be reduced to a fraction of what 
it would otherwise be. The weight of 
authority carried by this book in in 
terpretations 0° past work will be 
persuasive. 

This reviewer awaits with keen 
interest the volume on quantitative 
methods, scheduled to be published 
in late 1977, and the final volume on 
welfare, development, and natural re- 
sources, the publication date for 
which has not yet been set. This 
series, when added to earlier and 
quite different works by Benedict, 
Stine, and Taylor, will provide a 
good outline of the work of our pro- 
fession. 

Don Paarlberg 
Professor Emeritus 


Purdue University 


SOS I SSHESSCOCVSPOOOH 


RESOURCE ALLOCATION 
AND PRODUCTIVITY IN 
NATIONAL AND INTER- 
NATIONAL AGRICULTURAL 
RESEARCH 


Edited by Thomas M. Arndt, Dana G. 
Dalrymple, and Vernon W. Ruttan. 
University of Minnesota Press, Minne- 
apolis, MN, 55455, 617 pages. 1977. 
$25. 


Possibly one of the more puzzling 
aspects of the great growth in agricul- 
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tural production, to which we have 
given the name “green revolution,” is 
how did it happen? Belief is wide- 
spread that research and related activ- 
ities had a significant role. Certainly, 
there have been extensive efforts to 
that 
growth, and developed and develop 
invested great 


prove research is the basis of 


ing countries alike have 
sums to increase agricultural produc 
tivity based on this belief 

Now, as the international agricul 
tural research community reaches an 
advanced stage of adolescence, the 
desire and, indeed, need to know just 
exactly how it happened becomes 
more than an academic question 
What “the 
stuff’? has now 
most part. What follows will come 


might be termed easy 


been done for the 


harder and will cost more. 
A conference held at Airlie House, 
Virginia, in 1975, from which the 
papers in Resource Allocation are 
derived, addressed this issue of how 
it happened. Participants discussed 
recent evidence of the impact of 
research on agricultural productivity, 
as well as the factors dictating the 
demand for and supply of new tech- 
nology, and the complex infrastruc 
ture necessary for the infusion. 
Resource Allocation contains six 
sections plus an_ introductory 
chapter. The first section presents 
papers on the productivity of nation- 
al research systems, providing evi- 
The 


second section contains papers on 


dence from several countries 


the productivity in the international 
research system, giving evidence of 
its success. In the third section, au- 
thors address the history and prob- 
lems in the organization and develop 
ment of the international agricultural 
research institute system. The fourth 
section evaluates both the macro and 
micro considerations in the organiza- 
tion and management of agricultural 
systems. In the fifth section, authors 


‘ 


address the role of economic and 


social factors in research resource 
allocation, especially as they affect 
determination of priorities and opti- 
mal systems. In the final section, 
authors consider research strategies 
and administrative issues that will in- 
fluence the future of the internation- 
al research system 

The conference was especially 
First, it 
occurred at a time when the interna- 
tional agricultural research communi- 
ty was at a significant juncture. The 


eventful in two respects 





esearc 


undertaken is 
tional research capa 
») assert a 

he conduct oj 
termination, The 

Those 

rnational 


rile 


cipants 
‘Who’s 
icultu 
y ncluded 
i MOSt pro 
cal change 
d adminis 


resea 


been acceptable in practice as singu- 
lar guides to allocating resources. 
Now ample evidence is arising from 


the “small is beautiful’ and “‘appro- 


priate technology” trends and even 
from the conference papers to indi 


cate a growing need to integrate 
these trends with other social criteria 
in determination of optimality. While 
in a number of the papers’ authors 
stress these and other difficulties 
with the infrastructure of technologi- 
cal change, most seem to recommend 
only a need for change in the infra 
structure, rather than a reexamina- 
tion of our fundamental theories, 
decision criteria, and models. 

An interesting conflict tends to lie 
just below the surface of many of the 
papers on organization and manage 
ment of research, or on models of 
these, a conflict which may have far- 
Western 


thought holds that research, to be 


reaching consequences. 
most effective, must be organized 

managed, and planned essentially 

within the context of entrepreneur- 
Signals from the marketplace 
ire believed to provide entirely ade- 
quate control over the allocation of 
resources among lines of research, 
and central direction in research is 
legitimate only where social oppor- 
tunity costs of research investment 
would otherwise be too high. Partici- 
pants from the developing countries 
believe a great deal of centralization 
n research planning is necessary. 
They would say that Western thought 
assumes the existence of too many 
factors (quality of marketplace sig- 
nals, level of education, existence of 


technology delivery systems, and 


many other infrastructure character- 
istics) which simply do not pertain to 
aeve loping countries. 

Considering that Western thought 
has substantially dominated the in- 
ternational agricultural research SYS 
tem as to how it is organized, man- 
aged, and planned, one might specu- 
late whether this dominance, in view 
»f such philosophical differences, can 
What rok 


advisors be permitted in the 


continue will Western re- 


search 


further development of national re 


search systems? Western advisors 


tend to be not well adapted to cen 


Even in this country, the market- 
place is visibly becoming a less effi- 


cient communicator of relevant 


oice value As Schultz points out, 


infrastructure problems require 
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us to look beyond the realm of social 
scientists and research administrators 
for a resolution. Problems of infra- 
structure have not received the full 
attention that they rightly and neces 
sarily aeserve 

The overall conclusions of the vol- 
ume are provided by Ardnt and Rut- 


tan who state 


[here is solid evidence that in 
vestment in national and inter- 
national research has been high- 
ly productive. The social returns 
to agriculture research have been 
high relative to the alternative 
investments available to most 


poor countr 


have been great strides 

forward in our understanding 
of how technical change is in- 
duced, in the modeling of the 
discovery process, and in map- 
ping worldwide diffusion ol 
technology and scientific knowl- 
edge (p. 25). 

Yet, they conclude we need to know 

more ibout the origin and nature of 

demand for 


search cost functions and production 


new technologies, re- 


processes, the technology diffusion 


process, and the infrastructure for 


technological change, especially that 


relating technology and economic 


policies. To this should be added the 
problem of reflecting nonmarket goal 
criteria 
If this book has a failing, it is 

probably in the size of the effort, in 
trying to cover too much material. 
There are at least three major topics 
included, each of which could fill a 
book itself 
returns to investment 


(2) the organization and administra- 


(1) the measurement of 


tion of a research system, and (3) 

the purely micro-concerns of project 
selection and program management. 
While 
ence 
among participants with expertise in 


the principal aim of the confer- 
was to provide an interchange 


each of these three areas, one might 


question the necessary sacrifice of 


ternative perspectives presented 


during discussions. It might have 


been tter to sacrifice one of the 
three topics, concentrating on a fuller 
development of the remaining two. 
This volume will be useful to a 
wide range of readers, because it does 
contain a vast amount of information 
It provides an excellent primer for 
anyone entering the field of the in- 
ternational agricultural research sys- 
tem or to students of the technologi- 
whether from the stand- 


ocess, 


organization and 


ol program 





management or the measurement of 
eturns to investment in research. 
here is much of worth to those who 
ormulate research or development 
policy. It is an excellent general ref- 


rence, and provides fine lists of ma- 


f 


terials for extensive reading in spe- 


lic topics 


Fishel 


tesearch Service 
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CONSERVATION AND 
ECONOMIC EFFICIENCY: 
AN APPROACH TO 
MATERIALS POLICY 


By Talbot Page. Resources for the 
Future. Baltimore: The Johns Hop- 

ns Univ. Press, 1977. 265 + xvii pp. 
$15 (hardcover), $4.95 (paper) 


For many years there have been 
two approaches to the formulation 
f materials policy, one associated 

th the traditional thinking of re- 
source economists and the other with 


that of conservationists. A national 
‘policy”’ often emerges as the result 
of numerous individual decisions, 
subject to different pressures, and 
made over a long time, rather than 
from plans and goals formulated by 


a governing body 


+} 


Policy formed after 
1e fact takes on some of the contra- 
dictions accumulated over separate 
and disparate decisions. Our current 
materials policy falls into this second 
category. 

This book offers a way to look at 
material flows that can be used in the 
formulation of materials policy. We 
this 
three levels. At the most elementary 


can think of formulation on 


level, there is a “‘large’’ quantity of 


waste, a “‘low’’ amount of recycling, 


and direct concern for resource avail- 


ibility in the future. The remedies 
ire in the piecemeal tradition of our 
existing “‘policy’’—subsidies on re- 
cycling, product specification, and so 
forth. At this level the focus is too 
narrow, like setting a particuiar sail 
fa ship without taking into account 
the balances among the sails. There is 
no relationship of one sail to another, 
no way of telling whether copper 
should be recycled at one rate and 
ron at another. Direct intervention 
iy be self-defeating 
At the second level, correction of 


1 single market failure leads to the 


improvement of several specific con- 
ditions concurrently. A market stand- 
ard, such as the efficiency criterion, 
can determine in principle the best 
balance in material flows. For any 
particular course upon which the 
ship sails, we can define the proper 
or efficient balance among the sails. 
According to this criterion, the 
standard perceptions seen at the ele- 
mentary level are all correct: the 
quantity of waste is too large, the 
rate of recycling is too low, there is 
too much depletion. At this level, 
particular policy directives can be 
readily formulated. 

Consider the pricing structure for 
freight, electricity, and other forms 
of energy. The 
favors users most sensitive to price, 
The justification 


current structure 


the largest users 
has been that volume discounts to 
the larger users built up capacity to 
take advantage of possible economies 
of scale.For freight transportation, 
bulk materials such as scrap and vir- 
gin materials were the intended bene- 
ficiaries of the pricing structure, but 
virgin materials benefited more. For 
energy pricing, the result has been to 
move extra materials around in the 
economy. However, the efficiency 
criterion tells us that there is an asso- 
ciated cost. A wedge is driven between 


the price of a material and its margin- 


al cost, a wedge that distorts the price 
signal to downstream users. This dis- 
tortion has been neglected. The issue 
is a complicated one involving trade- 
offs of competing goals. Nevertheless, 
the policy direction inherent in the 
efficiency criterion is clear: move 
away from demand pricing and to- 
ward marginal cost pricing. This move 
would tend to conserve materials. 

At this second level, the efficiency 
criterion guides us on the taxation of 
materials industries. Having noted 
low recycling rates, high rates of 
waste generation, and the relatively 
light tax burden on virgin material 
industries, one may find it easy to 
recommend equal tax treatment of 
secondary material industries. And in 
fact there have been many legislative 


proposals to extend the tax prefer- 


ences on virgin materials to scrap 
materials as well. The efficiency cri- 
terion teils us that such a move 
would compound the materials prob- 
lem, The result would be more mate- 
rial flowing through the economy, 
with increased costs of energy and 
capital to move the material around. 
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There would likely be some saving in 
virgin material extraction and waste 
discharged to the environment, but 
this saving would come at unneces- 
sarily high cost. The appropriate 
move, according to the efficiency 
criterion, would be to eliminate the 
tax preferences for virgin material. 
This has been done, in part, for major 
oil companies, but not for other 
materials industries. 

While the efficiency criterion has 
long been a staple of the economic 
literature on depletable resources, it 
is probably safe to say that this cri- 
terion has not been an important 
concept in the legislative process. 

For the third level, we step back 
to see where the economy as a whole 
is heading, and focus on the rudder. 
One view is that no attention need be 
paid to the rudder at all. The ship is 
on automatic pilot 
sails safely into the future much as 


The economy 


Joshua Slocum sailed a thousand 
miles across the Pacific without ad- 
justing his steering mechanism. Mar- 
ket forces provide a satisfactory 
balance between new technology and 
depletion, and the generation of long- 
lived wastes is not cause for concern. 
To adjust the rudder of the entire 
economy in its use of materials, it is 
necessary to look ahead 50 or 75 
years. Different principles apply to 
the adjustment of the rudder than to 
the setting of the sails. The resource 
base is shared intergenerationally, 
Will it be 
shared fairly? In its use of materials 
how can the economy be kept from 
drifting into unlivable futures? To set 


and the questions are 


and balance the sails requires consid- 
erations of economic efficiency; to 
adjust the rudder requires considera- 
tions of fairness. Some headway can 
be made in defining a fair resolution 
by imagining an agreement among 
representatives of different genera- 
tions deciding on the management of 
the commonly owned resource base. 
Consideration of a fair use of the 
resource base is a legitimate and im- 
portant concern in the formulation 
of materials policy. 

A materials policy based in part 
on the conservation criterion is sim- 
ple but probably counterintuitive. It 
suggests that when virgin materials 
threaten to become increasingly cost- 
ly, they should be made more expen- 
sive nominally, perhaps by severance 
taxes, now. Often, people think just 


the opposite: when virgin materials 





threaten to become more costly, 
they should be subsidized to keep 
prices constant to the consumer. The 
latter approach encourages the ex- 
penditure of more resources than 
may be returned from the effort in 
the short term; in the long term, it 
leads to a mismatching between the 
rate of depletion and technological 
renewal 

Of the three levels of considera- 
tion for the formulation of materials 
policy, the first, direct level is per- 
haps the most relied upon at present. 
It is the 


focus is too close. There should be a 


able, because its 


least suit 
mixture of second and third 
levels. We need to know how to set 
the sails and how to adjust the rud- 


the past both skills have been 


[Condensed from the book by Clark 


Edwards with permission from Johns 


Hopkins Unive rsity Press ] 


FADS SL? STP SCSCOSOCCS 


PROCEEDINGS, THE WORLD 
FOOD CONFERENCE OF 
1976 


Iowa State 


685 + xiv 


University 
pp. $8 50. 


reated the world, He 
lessings in many ways 
to us so that it is 
what decision- 
ied in deter- 
what, where, how 
»some He assigned 
le gave moun- 
swamps; some 
the mon 
ter and 
He also made 
rom white to 
no indication 


l 


1 have fair skin 


iair while there 
ire tanned, 

nort However, 

good fuess as to 
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tion process, 


with oil 
rit all the 


flood, 


to inher 
fought, 
tc 

that we do not 


other 


motives 


wise there would be no end to the 
negotiations and to the bargaining 
for more concessions. Given this Mas- 
ter Creation called Earth and its inex- 
plicable inequalities, we in the 1970’s 
are superciliously trying to fashion 
an equal world, hopefully with 
enough food for all... 

Food is one of the most complex 
economic, political and moral prob- 
lems of our times. Despite a great 
deal of discussion and debate, partic- 
ularly in the past four years, the un- 
derlying issues are still very confused 
and different groups of people in dif- 
ferent parts of the world continue to 
look at the food problem from their 
own particular angle. The food situa- 
tion itself and forecasts about its 
future are clouded by so many im- 
ponderables that predictions swing 
from deep pessimism to cautious 
optimism. International discussions 
about population, 
food, habitat and water are all part 
of a sudden realization that without 
a major restructuring of relationships 
and concepts, the world simply can- 
not continue the patterns of produc- 
tion and distribution of the past 25 
years for the rest of this century. 

Similarly, the search for solutions 
to the food problem quickly runs in- 
to deep moral and political dilemmas 
which go far beyond the problem of 
food. Will the rich nations of the 
world continue to treat the world as 
a vast market or is there any hope of 
its evolution into a genuine interna- 
tional community? Is there any com- 


environment, 


mon ground between self-interest 
and the moral imperatives of feeding 
the whole of mankind? Is it possible 
for developing countries to achieve, 
within a system based on freedom of 
ownership, mobility and consump- 
tion, aminimum of equality to secure 
everyone’s basic needs of food, cloth- 


ing, shelter, medicine and education? 


The general objective of The World 
1976 was to 
broaden and intensify the involve- 


Food Conference of 


ment of scientists and educators in 
solving world food needs through 

concerted efforts among universities, 
research organizations, extension ser- 
vice and their many disciplines. The 
World Food Conference [sponsored 
by Iowa State University’s World 

Food Institute] attempted to meet 
that objective by bringing face to 
. [in- 
renowned 


face hundreds of specialists . . 


cluding] internationally 
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nutritionists, economists, sociologists, 
animal scientists, food technologists, 
plant scientists, soil scientists, agricul- 
tural engineers, veterinarians and 
others .. . Publication of these Pro- 
ceedings provides a record of the 
conference. 


[Excerpted from the book. ] 


PE SLES SESS SOOD 


WORKSHOP ON AGRICUL- 
TURAL AND RURAL DATA: 
IMPROVEMENT IN CONCEPT 
AND OPERATION 


The data systems used by agricul- 
tural economists have been, at times, 
the envy of the economics profession. 
But a recent workshop sponsored by 
the American Agricultural Econom- 
ics Association and USDA’s Agricul- 
tural Marketing Service, Statistical 
Reporting Service, and Economic Re- 
search Service was dedicated to the 
proposition that there is room for, 
and need of, considerable improve- 
ment. The following comments on 
the workshop, held May 4-6 in Ross- 
lyn, Va., are excerpted from the 
remarks of the four rapporteurs. 


Price Reporting 

Concern about price reporting, 
according to rapporteur Milt Hall- 
berg, was directed exclusively to 
AMS market news and SRS price re- 
porting systems. The conceptual base 
of these price series was reviewed. 
The intent was to identify weak links 
in the price reporting systems and to 
establish priorities. 

Market prices serve three major 
scarce 
resources in the production and dis- 


functions: allocation of 
tribution of goods and services; distri- 
bution of economic rewards among 
people, places, functions, and time; 
and equilibration of supply and 
demand, Prices aid the understanding 
of the marketing system, and the 
judgment of how well it performs. 
AMS market news prices were found 
most useful as a guide to the short- 
run allocative decisions of firms. SRS 
prices were seen as helping firms 
make 
and, perhaps more importantly, aid- 


longrun allocative decisions 
ing in the analysis of a market’s per- 
formance. 

discover 
the equilibrium prices formed from 


Economic agents must 





interaction of supply and demand 
before these prices can be used in the 
allocative process. Buyer and seller 
interaction, often subtle and com- 
plex, reflects uncertainty and ran- 
domness, which makes the process of 
price discovery imperfect and subject 
to rigidities. It can and does take 
many forms depending on the struc- 
tural characteristics of the market or 
firm behavioral patterns. This in turn 
affects the quality and usefulness of 
data available for collection by 
USDA as well as the need for data of 
the two different types considered. 

Session participants considered 
the emerging market structure of, 
and the alternative price discovery 
processes in use by, the agricultural 
industries and the resultant impact 
on the AMS and SRS price series. 
They also considered several techni- 
cal problems associated with collect- 
ing and disseminating these data. 


Capacity of Food 
and Fiber System 

What is capacity? How is the con- 
cept being used? What are some of 
the methods by which it is derived? 
How can it be applied to the agricul- 
tural sector and of what use (if any) 
is it there? These are the four ques- 
tions addressed, according to rappor- 
teur Heinz Spielmann, by the three 
papers on agricultural capacity. 

Existing capacity concepts in the 
agricultural sector relate mainly to 
market equilibrium. In the nonagri- 
cultural sector, the concept is differ- 
entiated into engineering capacity 
and economic capacity. No time 
series of capacity measurement exists 
in the agricultural sector, but several 
exist in the nonagricultural sector. 
The most important nonagricultural 
ones are provided by: The Federal 
Reserve Board, the Bureau of Eco- 
nomic Analysis of the Commerce 
Department, McGraw-Hill, and the 
Wharton School of the University of 
Pennsylvania. Capacity data are wide- 
ly used by economists, industry 
analysts, banks, management, and by 
government decisionmakers. 

Authors directed their attention 
to agricultural capacity measure- 
ment. Penn argued that capacity is 
a shortrun measure which, over the 
long run, indicates the efficiency 
with which fixed factors are used. 
Weeks saw capacity utilization mea- 
sures as indicators of bottlenecks. In- 
vestment and output plans, and pre- 


ferred operating rates expressed by 
farmers, may be established through 
capacity utilization measurements. 
Penson and Kibler recognized the 
whole food and fiber system, going 
beyond the narrower concept of the 
farm sector alone. 

Some factors were discussed 
which affect capacity measurement 
differently in the agricultural than in 
the non-agricultural sector. Because 
of these factors, a useful agricultural 
capacity measure may be more diffi- 
cult to conceptualize than those cur- 
rently in use for the nonagricultural 
sector. 

Discussants’ remarks and audience 
responses were almost without excep- 
tion rather pessimistic about the con- 
cept of capacity measurement and 
capacity utilization in the agricultural 
sector. The objections dealt mainly 
with the efficiency and applicability 
of capacity measurement, and the 
degree to which it could improve, or 
fail to improve, our existing behav- 
ioral knowledge of the agricultural 
sector. 


Data for Indicators of Well-Being 
for People Engaged in Farming 

‘Personal income” and ‘‘wealth” 
were proposed, according to rappor- 
teur Norman Whittlesey, as a mea- 
sure of well-being for “people 
engaged in farming’’ by the commit- 
tee assigned to the working paper for 
this session. The farm family house- 
hold was deemed the primary unit of 
observation. The use of this unit 
would be a distinct departure from 
current methods which use the farm 
as a unit of observation. 

Personal income was defined as 
operator’s surplus accruing to the 
farm operator household from farm 
and nonfarm businesses; wages and 
salaries, rents, interest, and dividends; 
and public and private transfers less 
contributions to social insurance. In 
the proposed household wealth 
account, the major contribution of 
the new data series would involve 
data availability, particularly non- 
farm assets. The wealth account 
would allow, and advocate, the use 
of capital gains as part of the well- 
being measurement. No index was 
suggested as a means of using the in- 
come and wealth accounts to consist- 
ently measure well-being in agricul- 
ture. The committee recommended 
that the responsibility for collecting 
information be assigned to the Bureau 


149 


of Census or the Statistical Reporting 
Service. 

During the discussion, the consen- 
sus seemed to be that improved in- 
come and wealth information was 
needed to make better policy deci- 
sions. Such new information should 
be added to rather than replacing 
current data series. 

It may be wrong, some suggested, 
to focus on the farm operator house- 
hold for creating a new survey popu- 
lation. Problem households in agricul- 
might be more easily identified 
through other means than those sug- 
gested in the working paper. Other 
questions arose: How would income 
problems related to corporate agricul- 
ture, partnerships, hired workers, and 
so on, be identified and dealt with? 
Could such data collection be justi- 
fied for only the farm sector or 
should similar data be collected for 
all sectors of our economy? 

In view of its potential costs, peo- 
ple questioned the value of added 
information about well being in agri- 
culture, asking for what kinds of 
policy decisions this information 
would be applicable. These questions 
were not answered; it seemed to be 
implicitly understood by most people 
that the answers would evolve natur- 
ally following collection of the neces- 
sary information, a dubious belief 
indeed. 

Greater effort should be given to 
the justification of such information 
before it is collected. How will it be 
used? Who will benefit? Will benefits 
to persons providing the information 
at least equal their cost in providing 
it? Could the costs involved be justi- 
fied to the Office of Management 
and Budget or to the Congress? 


Farm and Rural 
Employment Data 
Farm employment 
aspects, according to 
Keith Bryant, about which informa- 
tion might be sought: (a) who con- 
trols the nonlabor farm resources 
with which and on which farm labor- 
ers work; (b) who makes the mana- 
gerial decisions; and (c) who performs 
the labor; what kind of labor; how 
much; at what wage rate; and with 
what accompanying fringe benefits. 
The taskforce on farm employment 
attempted to improve the definition 
of the last aspect. Much emphasis 
was placed on the who, what, and 
when; some attention was paid to 


has three 
rapporteur 





tween that session and the session on 
farm employment 
up in two contexts: as a hypothesis 
that rural people are more burdened 
by underemployment than urban 
people; and as a guide to the alloca- 
tion of Federa am funds. Mea 
»yment has not 

the work of 


ties. Part of 


at the phenom 
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ol people, yet, 
tions are concerned 

with place 
Authors of the rural employment 


paper created a general typology by 


which data deficiencies for social 
urch and policy needs could be 
identified and worked on. They pre- 
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Finally, the 
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human capital 
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Why did the 
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compensating the losers in a 


Pareto-superior move toward free 
trade. Whether the losers are over- 
compensated or undercompensated is 
a question for later research. For 
agriculture a point of further signifi- 
cance is that the policy stimulates 
rational adjustment rather than in- 


hibiting it. 


Malcolm D. Bale 

Assistant Professor 

Montana State University 
(Temporarily assigned to Foreign 
Demand and Competition Division, 


ERS) 
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CURRENT CONDITIONS 
IN AGRICULTURAL 
TRUCKING 


Unmanufactured agricultural com- 
modities trucked interstate are 
exempt from economic regulation by 
the Interstate Commerce Commis- 
sion (ICC); thus, data on this trucking 
are not usually available from them. 
During 1976, however, the Commis- 
sion conducted a year-long study of 
the “empty backhaul” problem, one 
that affects agricultural and other 
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commoalities shipped by truck (4 Ty 


Interstate highway locations were 


selected for manageability. They 
tended to concentrate the survey 

more heavily on interstate trucking 
A total of 


trucks 


13,165 randomly selected 
3-axles or larger, were 


stopped by cooperating State high 


cers at 439 check points on 


way Ol! 
221 segments of the Interstate High- 
way System. ICC employees inter- 

viewed the drivers about their origins, 
destinations, operating authorities, 
commodities on board or usually 

and reasons for driving 


not loaded. The trucks weré 


carriea 
empty if 
classified into three groups: trucks 
operated for ICC authorized carriers, 
trucks that are “exempt’’ (that is, 
insofar as ICC authorities are con- 
cerned but including those with in- 
trastate operating authorities only), 
and trucks that are private (that is, 
operated by firms not engaged pri- 
marily in transport, to haul their own 
products). 

The intent here is based on the 
ICC study, to describe current condi- 
tions in agricultural and other rural 
trucking and to analyze implications 
of the findings for proposed regula- 


tory changes 


CURRENT CONDITIONS 


Agricultural commodities were 


the cargoes for 2,851 trucks, 28.1 


percent of the 10,133 loaded trucks 
observed (4, table VIII, p. 25). Ex- 
empt agricultural commodities con- 
stituted the loads for 1,303 trucks of 
which 351 were operated by ICC- 
authorized truckers, 697 by exempt 
truckers, and 253 by private truck- 
Regulated agricultural commod- 
ities 1,548 
trucks of which 832 operated under 
ICC authority, 85 were exempt (pre- 


ers.* 


constituted loads for 


Italicized numbers in parentheses 
refer to items in References at the 
end of this note. 

? The ICC report does not provide 
information about the “private” 
trucks reported in this category, but 
it is not likely that many were operat- 
ed by the shippers of unmanufac- 
tured agricultural commodities. ‘“Pri- 
vate”’ truckers of the regulated com- 
modities (for example, General Mills) 
often haul exempt commodities on a 
for-hire basis in competition with 
regulated and exempt truckers, both 
as backhaul traffic and in seasons of 
slack traffic for the primary shipping 
firms (3). 





mably moving intrastate only), and 
ivately owned. For all 


ymmodities, private trucks account- 


r 31.3 percent of all loaded and 


1 trucks. Thus, relatively 
trucks carried regulated 
id other commodities 
an exempt commodities 
Of 1 loaded 
S Operated by or 


ut ICC authority, 67 


,041 trucks classified 
hire truckers with- 
percent con- 
ned exempt agricultural commodi 
es. For all exempt trucks, 21.2 
miles were 


ercent of their 


empty, 


97 


compared with 16.2 percent for ICC 
ithorized and 27.3 


percent for pri- 
tely operated trucks (4, table 1, p. 6). 

Refrigerated trucks are also impor- 

Of 2.164 such 


trucks of all carrier types, 14.8 per- 


tant to agriculture 


ent of the miles were empty. 

ICC employees analyzed all empty 
trucks for type of equipment, time, 
location, and direction of movement. 
All pairs of empty trucks with com- 
patible equipment that were moving 
n opposite directions on given high- 
way segments within 3 hours of each 
other were labeled as ‘“‘empty- 
meeting-empty’”’ pairs. They represent 
1 potential for reducing empty move- 
There were fewer pairs of 
ICC-exempt 
exempt trucks but more pairs of 


ments. 
empty and private- 

empty exempt-exempt trucks than 
were to be expected, based on the 
relevant numbers of empty trucks 
observed (computed from 4, fig. K, 


4 


. 
p. 34). 


Expected 
pairs 


Actual 
pairs 


Types of pairs 


1.4 
3.4 
Exempt-exempt 7 4.6 


ICC-exempt 14 2 
9 


Private-exempt 16 


The pairings by types of carriers 
while not statistically significant, are 
sistent h the often stated but 
so far untested hypothesis that the 
lack of ICC authority for the exempt 
trucks (which limits them to ‘“‘thin”’ 
markets in their search for backhaul 
loads) do result in relatively more 
empty 


trucks 


movements by exempt 


The observed number of empty 
exempt trucks involved in these pair- 
ngs is small (44 total), but it is un- 
likely that a larger sampling of truck 
movements will become available 
anytime soon. Such surveys are ex- 
pensive and require intergovernmental 
cooperation 


An analysis of 652 trucks in a 
1-in-20 subsample showed the num- 
ber of trucks originating at places by 
population size and the percentage 
empty.* A second distribution was 
by size of destination places (4, table 
XI, p. 37). Of the trucks destined for 
small places, considerably more of 
them (48 
empty than were those originating in 
small places (27 percent). Such a pat- 
tern was expected since bulky, low- 


percent) were running 


valued, exempt agricultural, forest, 
and mine products move heavily 
from rural areas (smaller communi- 
ties) toward concentrations of popu- 
lation (larger Also, 
many of the truckers hauling exempt 
agricultural commodities as well as 


communities ). 


private truckers hauling regulated 
agricultural commodities have no 
ICC operating authorities for return- 
ing regulated commodities to rural 
areas. However, the difference in the 
percentages was not statistically sig- 
nilicant. 

Based on the subsample of 652 
trucks, empty trips were only half as 
long as loaded trips. Many drivers 
reported that they were driving from 
unloading points to other points 
where loads were available for return 
trips. Thus, the ‘“‘empty backhaul” 
problem is, in many instances, an 
“empty segment”’ problem 


IMPLICATIONS FOR 
PROPOSED REGULATORY 


Some persons claim that deregu- 
lation of all trucking would result in 
more for-hire trucking of the cur- 
rently regulated commodities with 
higher qualities and lower costs of 
the service. The statistically signifi- 
cant lesser role of private trucking 
in the exempt sector reflected by 
the ICC data is consistent with what 
these persons claim would result 
from a move toward less regulation. 
However, other factors contribute to 
that result for agricultural traffic. 
Perishable crops are shipped from 
many small shipping points on a 


highly seasonal basis.*° Such shipping 


*ICC employees plan to analyze 
additional subsamples to develop 
more details on truck movements 
and to yield more precision for esti- 
mates. 

> However, livestock for slaughter, 
live broilers, eggs, milk, and dressed 
poultry do not have strong seasonal 
patterns of movement. 
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patterns may not permit organization 
of efficient private trucking, and a 
system of truck brokering has devel- 
oped in many areas to bring for-hire 
truckers and exempt commodity 
shippers together (2). 

Nonetheless, these claims are con- 
sistent both with logic and evidence 
of impacts accruing from past 
changes in regulations. There are 
costs involved in regulatory processes, 
and operating authorities for truckers 
are constrained by commodity, route, 
and equipment specifications such 
that flexible services may not be as 
readily available in a regulated mar- 
ket. 

Supreme Court decisions in the 
fifties removed regulation for fresh 
and frozen dressed poultry and frozen 
fruits and vegetables. ‘‘Before’’ and 
‘“‘after’’ studies found that, following 
the decisions, average rates decreased 
19 percent or more, fewer shippers 
hauled their own products, and more 
shippers claimed that the quality of 
services of for-hire truckers improved 
than claimed that it declined (7 and 
8). 

In 1958. the Congress removed 
the Court-mandated exemption on 
Another 

found 


frozen fruits and vegetables 
‘“‘before’’ and “‘after’’ study 
that tendencies this time 
trary to those observed at the earlier 


went con- 


period. That is, more rates increased 
than decreased, more shippers resort- 
ed to private trucking, and many 
shippers found services less satisfac- 
tory (9). 

The ICC study does not provide 
any proof as to the impacts that 
change in regulatory status might 
generate for empty/loaded truck 
miles and/or favorable rates to and 
from rural areas. Some members of 
the ICC and truckers, 
among others, have argued that one- 
empty/loaded 


regulated 
‘ime measures of 
ratios cannot prove or disprove a dis- 
advantage for truckers not holding 
ICC authorities. They also argue that 
any change in regulatory status to 
favor the “‘disadvantaged’”’ truckers 
likely would shift empty miles from 
this group of truckers to the other, 
with only nominal or no reduction of 
overall empty/loaded ratios. They 
attribute this view to basic traffic 
imbalances in the nation 

The first argument seems valid 
The second argument overlooks the 
possible modifications of existing 
traffic patterns that might accrue 





from reorganizations of truck routes 
and schedules.® It also overlooks a 
strong theoretical basis for believing 
that 


generate 


deregulated trucking would 


favorable rates on traffic 


in the directions that more 


If cur- 


moving 


empty trucks are moving (1) 


rent rate structures are contrary to 


those 
1 would tend te 


1 } 
ting, tnen aereg 


nonagric 


al deve lopment ol 
fect 


spur 
] would af tral 
ence availa 
Ss, regu 
both 
costs per 
exempt 
lends some 


current rate 


to what one 
gulated truck 
to 


when 


moving 
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prive rura 
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moving to 
ICC data 
Much of 


lic moving trom 


The 
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show that un 
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accord 


cul ated 
analysis 
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rucks 


rcommu 


expected in unregulated set- 


incentives 


tions nave 

rgers and acqul 

In othe) 

¢ y - ! 

e} are bal 
balanced, by 


nodities on the 


ts were tor 
sizes likely 
ral communi 


ry Ol severa 


) 


already 


exist for unregulated trucking to pro- 
vide adequate services at reasonable 
rates for such movements. Nonethe- 
less, the highly seasonal nature of the 
movement of some exempt agricul- 
tural commodities from rural areas 
could result in reversals of the direc- 
tions of majority traffic flows during 
the year. Such changes would be ex- 
pected to generate wide swings in 
applicable rates. Unfortunately, the 
ICC sample produced too few obser- 
vations on exempt commodity and 
unregulated trucker movements to 
provide reasonably precise estimates 
of corridor, seasonal, and commodi- 
ty movements of the nature required 
to analyze this phenomenon in detail 


for rural areas. 


John O. Gerald 
Agricultural Economist 
National Economic Analysis Division 
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A NOTE ON “EFFECT OF 
SIZE OF THE INPUT-OUTPUT 
MODEL ON THE RESULTS 
OF AN IMPACT ANALYSIS” 


In an article published previously 
(1), Doeksen and 
Little used four empirical models to 


in this journal 
show that the output multiplier of a 
specific industry alters very little if 
the remaining industries of an input- 
output model are aggregated into a 


' My purpose 


single composite sector. 
that the 
reached empirically by Doeksen and 
Little has been proved by others (2, 
3) to be true in principle. 
Aggregation of an n x n matrix of 
technical coefficients, A, into an m x 


is to show conclusion 


m matrix of aggregate technical coef- 


ficients, A, is given by the following 
operation (2): 


TAR? FT TT 


Oo 


(1) 


where x is a diagonal matrix, the 
elements of which are the gross out- 
puts of the n industries in the base 
period, and T is an m x n aggregation 
operator, each row of which contains 


at least one unit and each column of 
which contains exactly one unit 
while the remaining elements are 
zero 

Hence, if 


nical coefficients is aggregated into, 


an n x n matrix of tech 
for example a 4 x 4 matrix of aggre- 
technical coefficients in which 


the first three 


gate 
industries remain dis- 
tinct and the remainder are aggre- 

gated into a single sector, T takes the 


iorm 


Italicized numbers in parentheses 
refer to items in References at the 
end of this note 








Output multipliers obtained from 


the original model are given by 
. (3) 


and from the aggregated model by 


i (I-A) 7} 22 


“m 


where ie is a row vector of n units 


is a row vector of m units. 
=i’ T and (I-A) ~!T is 

-.) 2 m 

(I-A) with the last column repeat- 


ed n-3 times, the difference between 


and i 
Sah 
Since i 


output multipliers obtained from the 


original model and those obtained 


from the aggregated model form the 
elements of the row vector: 


i, T(I-A) ~! -i,, (I-A) ~! T....(5) 


but only the first three elements are 
of interest. 
Expression (5) can be expanded as: 


i’ TI1+A+A7+... 


m 


-im (1+ A +A2+...)T 


=4 


{(TA - AT) +(TA2+A2T)+.... 


m 


ice 


Morimoto (3) has pointed out that 
the columns of TA and AT which 
correspond to the industries not 
aggregated are equal. Hence, the 
difference between the multipliers of 
these industries, obtained from the 


original and aggregated models, is of 
the second order only. 
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In Earlier Issues 


Parity prices have been an integral part of agricultural policy of the United States since 
1933. Action programs that have had a material effect on the economic situation of 
agriculture have been based on or related to parity prices. These programs include such 
things as price supports, price ceilings, and marketing agreements and orders. Parity prices 
in themselves are merely measuring devices or yardsticks; it is only when action programs 
based on parity prices are in operation that prices received by farmers are appreciably 


affected by them... 


Parity income has not been used as a basis for any agricultural program. .. . 
is the per capita net income to persons on farms from farming that bears the 


income... 


Parity 


same relationship to per capita income of persons not on farms as prevailed in 1910-14. 
This definition was more or less tailored to fit the available statistics. It will be noted that 
the nonfarm income of farm people is allocated by this definition to the nonfarm popu- 
lation. It seems fair to say that practically no one has been completely satisfied with this 


definition. 


C. Kyle Randall 
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